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11.0 INTRODUCTION

1 1.1 PURPOSE AND BACKGROUND

g This report presents the results of Fugro National's investiga-

tion of thermal properties of subsurface soils in two valleys

in Nevada. The investigation was performed in order to assist

the Air Force in evaluating the heat flow characteristics of the

soils. The investigation included a field program and a labora-

tory testing program. The field program consisted of installing

thermal probes in borings and measuring in situ subsurface soil

temperatures over a period of eight months; the laboratory

testing consisted of determining thermal resistivity and volu-

metric heat capacity of soil samples obtained from borings.

I The thermal probes were installed in borings drilled during the

Verification Program for the MX Siting Investigation. Soil

I samples for laboratory testing were obtained from these and

* other borings.

1.2 SCOPE

The scope of the investigation was as follows:

A. Irstallation of Thermal Probes: Thermal probes were in-

stalled in three borings to measure in situ soil tempera-

I tures. The probes consisted of a string of thermocouples

at various depths below ground surface. One probe was

installed in Reveille-Railroad Candidate Deployment Parcel

3 (CDP) and two probes were installed in Big Smoky CDP. Both

CDPs are located in Nevada (see Figure 1-1).

. . -. NO NATIONAL, $ 6..
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3

B. Laboratory Testing: Laboratory tests were performed to

Adetermine thermal resistivity and volumetric heat capaci.y

of soil samples obtained from seven borings drilled in

I Reveille-Railroad CDP and six borings drilled in Big Smoky

CDP. The locations of the borings drilled in the two CDPs

are shown in Figures 1-2 and 1-3.

IThe details of the thermal probes and laboratory testing are

explained in the following sections.

1
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2.0 IN SITU SOIL TEMPERATURES

In order to measure in situ soil temperatures at various depths

g below ground surface, thermal probes consisting of thermocouples

at various intervals were assembled in the laboratory, checked,

transported to the field, and installed in borings. The thermo-

couples measured the in situ temperatures, and they were moni-

tored periodically. Details regarding the type of thermo-

couples, their calibration, various components of the probe,

assembly of the thermal probe, and field installation are pre-

sented in Appendix A.

2.1 THERMAL PROBE ASSEMBLY

The in situ thermal probe consisted of a string of 15 beaded

thermocouples (T-type) situated at five different depths in

groups of three each. The thermocouples were placed at depths

of 2, 4, 8, 50, and 125 feet (0.6, 1.2, 2.4, 15.2, and 38.1 m)

m below ground surface. Of the three thermocouples at each depth,

two were branched and one was single. In order to protect the

assembly from damage during installation, the string was placed

inside a series of unconnected 10-foot (3-m) sections of PVC pipe

[0.75-inch (19-mm) diameter] with compression couplings. The

details of the assembly are shown in Figure 2-1. The assembled

thermocouple string was folded back and forth to facilitate

transportation to the field.

I
I
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2.2 INSTALLATION OF THERMAL PROBES

2.2.1 Drilling of Borings

Before installation of thermal probes, borings were drilled to

Ithe rehaired depth using a Failing 1500 drill rig with hydraulic

pulldown and rotary wash techniques. The borings were 4-7/8

inches (124 mm) in diameter, and a bentonite slurry was used to

stabilize the hole. Soil samples at various intervals were

obtained from these borings. Both relatively undisturbed [Fugro

I Drive samples; 2.5-inch (64-mm) diameter] and undisturbed

[Pitcher samples; 2.87-inch (73-mm) diameter] soil samples were

obtained for laboratory testing. Seven borings in Reveille-

Railroad CDP and six borings in Big Smoky CDP were drilled.

Drilling procedures, sampling techniques, field visual soil

classification, and logging procedures are presented in Appen-

I dix B. In addition, logs of all the borings drilled in the two

CDPs are also included in Appendix B.

2.2.2 Field Installation

Upon completion of drilling, the borings were flushed with water

until the return water was clear. The thermal probe was assem-

i bled section-by-section using pressure couplings and lowered

into the boring until the bottom of the probe was 125 feet

(38.1 m) below the ground surface. The annular space between

the PVC pipe and the wall of the boring was backfilled with

Monterey No. 1 sand by pouring it from the sacks. The top

.1 10 feet of the boring was backfilled with native soil. The

T -- OR= NATIONAL, 1i91.
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lead wires of the thermocouples were then connected to a junc-

3 tion box at the ground surface. A manhole with cover was

installed around the junction box and both structures were

sealed with concrete. A schematic drawing of a typical thermal

probe installation is show, in Figure 2-2. The details of the

field installation procedures are included in Appendix A.

I 2.3 RESULTS

Using a digital readout unit, the thermocouples were read daily

for a few days following the installation of the thermal probes.

After thermal equilibrium was reached (approximately one week

after installation), the in situ soil temperatures were measured

I at intervals of approximately one month. The thermal probe in

Reveille-Railroad CDP is identified as RR-B-3A, and the two

probes in Big Smoky CDP are identified as BS-B-l and BS-B-2.

I The in situ soil temperatures measured by the three probes from

April to November 1979 are presented in Table 2-1. Plots of

soil temperatures, as a function of time for the three probes,

are presented in Figures 2-3, 2-4, and 2-5. A review of these

plots indicate that:

I 1. Soil temperatures at depths of 2, 4, and 8 feet (0.6, 1.2,

and 2.4 m) are affected by the seasonal changes in air

temperatures;

3 2. Soil temperatures at depths of 50 and 125 feet (15.2 and

38.1 m) are not affected by seasonal changes in air tempera-

tures; and

T I11NO NATIONAL, ONO.II
t r. ... • m--,im. mmminmid iii mm
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______TEMPERATURE," oF

THERMAL DATE AND TIME T

PROBE DEPTH BELOW GROUND SURFACE
NUMBER OF READINGS AIR _____i 2 ft (0.6m) 4 ft (1.2m) 8 ft (2.4m) 50ft(15.2m) 125ft(38.1m)

RR-B-3A 8 APR 79/3-40 PM NOA 51.2 47.2 48.1 58.5 61.0

20 APR 79'2:50 PM NDA 53.4 50.8 49.1 59.2 61.5

DATE OF INSTALLATION 9 MAY 79/11:00 AN 54.2 58.6 55.5 51.0 58.6 61.0

4 APRIL 1979 6 JUN 79/12:20 PM 95.7 69.2 63.5 55.6 58.8 61.3

i 10 JUL 79/12:30 PM 97.2 75.9 70.1 61.2 58.8 61.2

7 AUG 79/'3:05 PM 94.5 81.8 75.7 65.2 58.9 61.2

2 SEP 79/12:30 PM 84.0 75.0 72.3 66.9 59.2 61.5

1 5 OCT 79/5:00 PM 82.9 69.8 69.7 87.3 58.9 61.3

10 NOV 79/3:30 PM 51.1 53.6 59.4 64.8 59.3 61.6I
BS-B-i 10 APR 79/6:20 PM NDA 52.2 49.1 50.1 59.4 63.4

22 APR 79/6:25 AN NDA 52.8 50.4 50.1 59.2 63.2

DATE OF INSTALLATION 9 MAY 79/3:30 PM 55.5 57.9 55.4 51.8 59.4 63.5

5 APRIL 1979 7 JUN 79/6:30 AM 57.2 70.0 62.9 55.5 59.4 63.3

11 JUL 79/12:30 PM 86.3 75.5 69.1 60.6 59.4 63.3

7 AUG 79,8:45 AM 73.1 80.8 73.6 63.9 59.5 63.4

I SEP 79/4:00 PM 84.0 73.4 71.1 65.5 59.4 63.3

5 OCT 79/8:40 AM 65.2 68.8 69.1 66.6 59.7 63.6

10 NOV 79/10:20 AM 42, 52.3 58.9 63.9 59.4 63.3

BS-B-2 11 APR 79,5:40 PM NOA 51.3 49.6 50.4 61.4 64.4

22 APR 79/8:30 AN NDA 52.9 51.1 50.8 61.7 64.7

DATE OF INSTALLATION 9 MAY 79/2:00 PM 57.9 57.2 55.3 52.3 61.6 64.6

7 APRIL 1979 6 JUN 79/5:00 PM 85.0 68.7 62.3 56.2 61.4 64.6

12 JUL 79; 12:00 N 87.6 75.6 69.5 62.0 61.5 64.6

7 AUG 79/11:15 AM 78.9 81.4 75.0 65.9 61.7 64.6

1 SEP 79/8:30 AM 68.3 -74.6 72.5 67.6 61.8 64.7

4 OCT 79/11:50 AM 77.9 69.7 70.3 68.4 61.7 84.7

10 NOV 79/11:30 AM 50.5 55.1 60.8 65.3 61.9 64.8

iEXPLANATION AVERAGE OF THREE THERMOCOUPLES AT EACH DEPTH

RR-B-3A:

RR -ABBREVIATION FOR COP
RR - REVEILLE-RAILROAD
BS - BIG SMOKY IN SITU SOIL TEMPERATURES

REVEILLE-RAILROAD AND BIG SMOKY COPS
B - ABBREVIATION FOR BORING NEVADA

3A - NUMBER OF BORING MX SITING INVESTIGATION I AOLI

DEPARTMENT OF THE AIR FORCE - SAMSO 2-1
NDA - NO DATA AVAILABLE'I

1__0_NOV__1__7___________U D NATIONALINC.
!i 9 NOV 1979
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3. A temperature reversal between dej,4hs of 50 and 125 feet

ptakes place, i.e., temperature at 125 feet is higher than

the temperature at 50 feet by about 2.2 to 4.0°F.I
In addition to the monthly readings, continuous monitoring of

I each thermal probe over a 24-hour period was performed. The

thermocouples were read once every hour during the 24-hour

period. The 24-hour soil temperature readings are presented in

Tables 2-2 through 2-4. Plots of the 24-hour soil temperatures,

as a function of time, are shown in Figures 2-6 through 2-8. A

review of these data indicates that there is minimal variation

of soil temperatures at any depth over a period of 24 hours.

However,'during spring freeze and thaw cycles, temperatures of

the soil at shallow depth may vary considerably in a 24-hour

period.

I
I

I

N!UNL.IS
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_TEMPERATURE: OF

DATE TIME DEPTH BELOW GROUND SURFACE
AIR 2 ft (0.6m) 4 ft (1.2m) 8 ft (2.4m) 50 ft (15.2m) 125ft(38.1m)

10 JULY 1979 5:30 AM 53.3 76.0 70.2 61.3 59.1 61.3

6:30 62.3 76.1 70.3 61.4 59.1 61.3

7:30 73.G 76.1 70.4 61.5 59.2 61.4

8:30 84.0 76.0 70.4 61.5 59.2 61.4

t 9:30 84.0 76.0 70.2 61.3 59.1 61.3

10:30 87.9 76.1 70.2 61.4 59.0 61.3

i 11:30 91.4 75.9 70.1 61.3 58.9 61.3

12:30 97.2 75.8 70.1 61.2 58.8 61.3

13:30 PM 99.2 75.8 70.0 61.1 58.8 61.2

14:30 98.3 75.8 70.0 61.1 58.6 61.2

15:30 103.6 75.7 69.9 61.0 58.7 61.0

I 16:30 97.2 75.7 69.9 61.0 58.5 60.9

17:30 94.6 75.7 70.0 61.0 58.6 61.0

18:30 93.5 75.8 70.0 61.1 58.6 61.0

19:30 89.2 75.9 70.0 61.2 58.7 61.0

20:30 78.8 76.0 70.1 6!.3 58.8 61.1

21:30 72.8 76.1 70.2 61.3 58.9 61.2

22:30 68.0 76.2 70.3 61.4 59.0 61.3

23:30 72.4 76.3 70.4 61.4 59.0 61.3

11 JULY 1979 00:30 AM 63.0 76.3 70 4 61.5 59.1 61.3

1:30 62.0 76.4 70.4 61.6 59.1 61.4

1 2:30 59.9 76.3 70.4 61.6 59.2 61.3

3:30 64.7 76.3 70.4 61.5 59.1 61.3

4:30 61.1 76.3 70.4 61.5 59.1 61.3

5:30 58.2 76.3 70.4 61.5 59.0 61.3

* AVERAGE OF THREE THERMOCOUPLES AT EACH DEPTH

I 24-HOUR SOIL TEMPERATURES

THERMAL PROBE NO. RR-B-3A
REVEILLE-RAILROAD COP, NEVADA

MX SITING INVESTIGATION TABLE

DEPARTMENT OF THE AIR FORCE - SAMSO 2-2

fV 7i*I.O 
NA TIONAL, IN 
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TEMPERATURE. -F

DATE TIME DEPTH BELOW GROUND SURFACE
AIR 2 It (0.6m) 4 It (1.2m) 8 It (2.4m) 50 ft (15.2m) 125 It (38.1m)

11 JULY 1979 9:30 AM 78.4 75.6 69.2 69.6 59.5 63.4

10:30 81.1 75.5 69.1 60.6 59.5 63.4

11:30 87.3 75.6 69.1 60.6 59.5 63.4

12:30 86.3 75.5 69.1 60.6 59.4 63.3

13:30 PM 88.2 75.5 69.1 60.5 59.4 63.3

14:30 89.4 75.5 69.1 60.5 59.4 63.3

15:30 89.4 75.5 69.1 60.5 59.3 63.3

16:30 89.0 75.5 69.1 60.5 59.3 63.3

17:30 89.1 75.6 69.1 60.5 59.3 63.3

18:30 87.8 75.6 69.1 60.5 59.3 63.3

19:30 83.5 75.7 69.1 60.6 59.3 63.3

20:30 79.7 75.7 69.2 60.6 59.4 63.3

21:30 76.5 75.7 69.2 60.6 59.4 63.3

22:30 72.7 75.7 69.2 60.6 59.4 63.3

23:30 68.5 75.7 69.3 60.7 59.5 63.3

12 JULY 1979 00:30 AM 66.9 75. 7 69.3 60.6 59.4 63.3

1:30 63.7 75.7 69.3 60.6 59.4 63.3

2:30 58.5 75.7 69.2 60.6 59.4 63.3

3:30 59.1 75.7 69.3 60.6 59.4 63.3

4:30 57.0 75.7 69.2 60.6 59.4 63.3

5:30 56.2 75.7 69.2 60.6 59.3 63.3

6:30 66.2 75.7 69.3 60.7 59.4 63.3

7:30 72.- 75.7 69.4 60.8 59.5 63.4

8:30 78.4 75.7 69.4 60.9 59.6 63.5

9:30 82.8 75.7 69.5 60.8 59.5 63.4

AVERAGE OF THREE THERMOCOUPLES AT EACH DEPTH

24-HOUR SOIL TEMPERATURES
THERMAL PROBE NO. BS-B-1
BIG SMOKY CUP, NEVADA

MX SITING INVESTIGATION TABLE

DEPARTMENT OF THE AIR FORCE - SAMSO 2-3

"-__I__ _ _D NATIONAL, INC.
9 NOY 1979
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I___TEMPERATURE. oF

DATE TIME DEPTH BELOW GROUND SURFACE

AIR 2 ft (0.6m) 4 ft (1.2m) 8 ft (2.4m) 50 ft (15.2m) 1251t (38.1m)

12 JULY 1979 11:00 AM 85.4 75.6 69.5 62.0 61.5 64.6

12:00 87.6 75.6 69.5 62.0 61.5 64.6

13:00 PM 91.2 75.6 69.6 62.0 61.5 64.6

14:00 89.1 75.6 69.5 62.0 61.4 64.6

g 15:00 87.7 75.6 69.5 61.9 61.4 64.5

16:00 92.7 75.5 69.4 61.9 61.4 64.5

I 17:00 91.7 75.5 69.4 61.9 61.3 64.5

18:00 89.5 75.5 69.5 61.9 61.4 64.6

I 19:00 86.9 75.6 69.5 62.0 61.4 64.5

20:00 82.7 75.6 69.6 62.0 61.4 645

21:30 77.7 75.7 69.7 62.1 61.6 64.6

22"30 74.1 75.7 69.7 62.1 61.6 64.6

23:30 71.1 75.7 69.8 62.0 61.6 64.6

E 13 JULY 1979 00:30 AM 68.7 75.7 69.8 62.0 61.6 64.6

1:30 66.3 75.7 69.8 62.0 61.6 64.6

3 2:30 63.7 75.7 69.8 62.1 61.6 64.6

3:30 61.1 75.7 69.8 62.1 61.6 64.6

4:30 59.9 75.7 69.8 62.2 61.5 64.6

5:30 58.2 75.7 69.8 62.1 61.6 64.6

1 6:30 61.7 75.8 69.9 62.1 61.6 64.6

7:30 73.2 76.0 70.1 62.3 61.8 64.8

1 8:30 79.4 75.8 70.0 62.3 62.0 64.7

9:30 85.2 75.7 69.8 62.2 61.6 64.6

10:30 85.1 75.7 69.8 62.1 61.6 64.6

11:00 86.9 75.7 69.8 62.1 61.6 64.6

AVERAGE OF THREE THERMOCOUPLES AT EACH DEPTH

24-HOUR SOIL TEMPERATURES
THERMAL PROBE NO. BS-B-2
BIG SMOKY COP, NEVADA

MX SITING INVESTIGATION TABLE

DEPARTMENT OF THE AIR FORCE - SAMSO 2-4

- NOV 179ONONAIIONAL, INO,
! NOV 1979
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1 3.0 THERMAL RESISTIVITY

A knowledge of the thermal resistivity of soils is needed for

several applications including o.ialysis of heat dissipation

from buried electrical cables, insulation and heat transfer

Sanalysis related to underground silos, and moisture migration

under therrial gradients. Thermal resistivity of soils depends

I on soil composition, density, moisture content, particle shape

and size, and particle-size distribution. Thermal resistivity

is the inverse of thermal conductivity. Thermal conductivity is

I defined as the quantity of heat which flows normally across a

surface of unit area per unit of time and per unit of tempera-

ture gradient normal to the surface.

3.1 THERMAL NEEDLE

In order to determine the thermal resistivity of the soil sam-

I pies, the thermal needle method (also referred to as probe

method or line source method) was used. This method is based on

tie measurement of the rate of temperature rise along a line

heat source within an infinite, homogeneous medium. In practice,

the line heat source is approximated by a small diameter needle

I ~hich is heated at a constant rate by using electrical energy.

The theory involved in computing the thermal resistivity using

the thermal needle method is presented in Appendix C.

i The thermal needle method involves simple apparatus and instru-

3 mentation. A thermal needle was constructed and calibrated in

Fugro's laboratory. The design of the thermal needle, consist-

ing of a stainless steel hypodermic tubing which contains

iOR NATIONAL. ,NO.
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a heater element and a thermocouple, was based on the work

by Mitchell, Kao, and Abdel-Hadi (1977). Details of assembly

and calibration of a thermal needle are also included in Ap-

pendix C.

3.2 TEST PROCEDURE

The following test procedure was used in determining thermal

resistivity of a soil sample: an undisturbed soil sample (Fugro

Drive or Pitcher) was prepared before testing. Preparation

included trimming, weighing, and drilling a small hole in the

center of the sample. The sample was contained in brass rings

(Fugro Drive) or a steel tube (Pitcher) during preparation and

testing. The thermal needle was then inserted into the hole and

a known current source applied to the heater element in the

needle. The thermocouple readings, as a function of time, were

recorded, and the data were plotted as temperature-versus-log

time. Testing continued until the straight line plot changed

slope. Using the straight line relationship between temperature

and time, the thermal resistivity was calculated. Details of

sample preparation, test procedure, calculations, and typical

test data sheets are also presented in Appendix C.

A total of 41 thermal resistivity tests (36 on sands and five on

silts) were performed in the laboratory. The soil samples used

in these tests were from six borings in Reveille-Railroad CDP

and five borings in Big Smoky CrP. The soils were predomi-

nantly coarse-grained. In addition to the thermal resistivity

tests, supplementary laboratory tests for determining physical

'l ON*O NATIONaL. INO
.
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properties of the soil samples were also performed. These sup-

plementary tests were in general accordance with the procedures

of American Society for Testing and Materials (ASTM) ; they

consisted of: dry density, moisture content, and particle-size

distribution. Details of the test procedures used for the

supplementary tests are presented in Appendix D. Results of the

supplementary tests were used in computing degree of saturation

of the soil samples.

3.3 RESULTS

The results of thermal resistivity tests are presented in

Table 3-1. Included in this table are the results of the sup-

plementary tests and calculated percent saturation of the soil

samples used in testing. Table 3-1 indicates that the range of

density, moisture content, and particle-size distribution of the

soil samples tested is wide. This may account for the consider-

able variation in the values of thermal resistivity presented in

I Table 3-1.

I A plot of thermal resistivity versus percent saturation is

shown in Figure 3-1. Because of the variation in the physical

I properties of the soils (as explained in the preceding para-

graph), there is a considerable scatter of the data points.

However, an average relationship between resistivity and satura-

I tion for coarse-grained soils (sands) is shown in Figure 3-1.

This relationship indicates that the thermal resistivity of site

I soils gradually decreases with increasing saturation.

I
" 1 NU. NATISNAL. Imum.
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BORING SAMPLEt1  SAMPLE INTERVAL DRY DENSITY MOISTURE SATURATION PARTICLE SIZE ANALYSISCONTENT
NUMBER NUMBER feet meters pcf Kg m3  ', GR SA

RR-B-2 P-2 3.0-3.9 0.9-1.2 98.5 1593.6 7.0 26.6 5 75

0-8 30.4-30.9 9 3-9.4 98.7 1596.8 6.2 23.7 0 93

0-9 35.3-35.8 10.8-10.9 105.6 1708.4 6.9 3!.2 2 534

P-13 59.0-5:.9 18.0-18.3 95 2 1540.2 15.1 53.0 0 24

P-18 109.0-1!0.7 33.2-33.8 107.1 1732.7 17..2 81.1 0 58

RR-B-3 0-4 7.2-7.9 2.2-2.4 107.1 1732 7 4.0 19.1 1 87.

P-13 60.0-60.7 18.3-18.5 107.3 1736 0 6.8 32.3 18 72

P-T8 110.0-111.6 33.5-34.2 104.4 1689.0 4 6 20.2 0 98

RR-B-3A P-3 7.5-9.1 2.3-2.8 98.0 1585.5 6.5 24,4 0 64

P-4 10.0-11.8 3.1-3.6 88.3 1428.6 13.1 38.9 0 32

P-8 50.0-50.9 15.3-15.5 76.6 1239.3 20.4 46 0 4 36

P-9 76.9-77.7 23.5-23.7 106.9 1729.5 19.4 90,9 1 90

P-12 126.5-127.2 38.6-38.8 109.0 1763.5 10.9 54.4 7 ')84

RR-B-4 P-4 7 0-8.9 2 1-2 7 100.3 1622.7 11.5 45.6 0 68

P-13 50.0-51.7 15.3-15.8 93 9 1519.2 12.4 42.3 0 81

P-10 101.5-102.4 31.0-31.2 97.1 1570.9 25.1 92.3 II 32

RR-B-5 0-12 50 2-50.9 15.3-15.5 110.2 1782.9 12.9 65.9 18 56

RR-B-6 P-1 0.0-0.7 0.0-0.2 90.5 1464.2 9.7 30.5 5 60

0-14 65.7-66 4 2'0.0-20.2 115.9 1875.1 12 2 72.8 15 59

0-17 92.0-92.6 28.1-28.2 117.2 1896.1 14.4 88.8 25 64

BS-B-1 0-3 5.9-4.6 1.2-1.4 106.2 1718.2 4.6 21.3 8 83

0-4 7.1-7 8 2.2-2.4 106.2 1718.2 7.1 32.6 12 69

P-13 50.4-51.3 15.4-15.6 73.1 1182.7 4.3 85.5 0 44

P-14 60,0-61 0 18.3-18 6 91.2 1480.3 15.9 5U.9 0 54

BS-8-2 0-6 7 0-7.5 2.1-2.3 117.9 1907.5 10.9 68.6 13 81

0-7 10.0-10.7 3.1-3.3 113.4 1834.7 5.9 32.8 I 87

P-14 50.0-52.7 15.3-16. 1 97.2 1572.6 '3.6 50.0 3 84

P-15 60.0-61.4 18.3-18.7 96.4 1559.6 16.9 61.0 12 82

0-24 160.0-160.5 48.8-49.0 115.4 1867.0 13.7 80.1 24 67

9 NOV I979



(3)
StZE ANALYSIS () USCS THERMAL RESISTIVITY

SA Fl FICATION OFt-hr ,C-cm watt
B

20 SM 2.56 148.2

93 7 SP-SM 2.98 172.3

43 5 SM 2.21 128.0

3A 76 ML 1.60 92. 4EXLNTO

5842 SM 1. 14 65.8

r 37 SP-SN 3. 89 224. 9 1I P - PITCHER SAMPLE

7? 10 SP-SM 1.45 83.60-FRODIESML
- - -(2) GR - GRAVEL (RETAINED ON NO.4 SIEVE)

982 SP 2.34 135.1 SA - SAND (PASSING NO.4 SIEVE BUT

E4 36 SM 1.54 88.9 .RETAINED ON NO200 SIEVE)
Fl -FINES (PASSING NO. 200 SIEVE)

32 68 ML 1.49 86.3 (3) USGS - UNIFIED SOIL CLASSIFICATION

36 60ML22 13.SYTM(E APEDXBFR ETLS

90 .9 S P-SM 1 .17 67.6

_)84 9 SP-SM 1 .13 65.3

68 32 Sm 1. 60 92.4

3'19 SM 2.02 116.7

32 57 ML 1.25 72.3

56 26 SM 2.05 118.5

60 35 SM 2.89 167.2

59 26 SM 1.03 59.3

64 If SP-SM 1.26 12.8

83 9 SP-SM 5.05 292.0

69 19 SM 2.10 121.3

44 56 ML 1.95 112.6

54L 46 SM 1.99 115.0

8' 6 SP-SM 1 .82 1O5.0

87 12 SM 1.84 106.6

84 13 SM 1.78 103.0 REVEILLE-RAILROAD AND

82 6 Sr-SM 1.41 81.4 ggCo;NEAA TK

619 P-M .0 6.4DEPARTMENT OF TM AIR FORCE SIUSF
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BORING SAMPLE SAMPLE INTERVAL DRY DENSITY MOISTURE SATURATION PARTICLE SIZE ANALYSIS

NUMBER NUMBER eet meters PCf Kg m3  CONTENT GR SA

BS-B-3 0-3 4.2-4 9 1.3-1.5 119.8 1938.2 6 4 42.8 45 48

P-9 30 0-31 2 9 1-9 5 108.9 1761.8 9.4 46.5 3 69

0-14 70 2 70 9 21.4-21.6 118.8 1922.0 135 87.3 23 46

0-16 90.0-90 7 27.5-27 7 116.4 1883.2 12.3 74.5 1 80

BS-j-5 P-1 0.5-1 3 0 2-0 4 99.1 1603.3 9 7 37.5 5 66

0-10 35.0-35.6 10 .7-10 9 107.7 1742.4 13.7 65.4 13 80

P-15 80.0-81 1 24.4-24 7 93 9 1519.2 18.2 62 0 2 88

D-21 160.2 160 9 48.9-49.! 11 7 1807. 1 1.2 80 7 40 55

BS-B-6 P-1 0 7-1.4 0.2-0.4 90 5 1464.2 9 7 63.8 12 68

0-8 25 7 -26.4 7.8-8 1 115 0 1860.5 5.8 39. 1 7 81

0-9 30 2-30.9 9 2-9 4 123.8 2002.9 8.3 62.0 41 51

D-19 120.4-120.9 36.7-36 9 120.7 1952.8 6.4 43.6 26 63

I
I
I
I
I
I
I,
IO Il



'ICLE SIZE ANALYSIS ( (2) TSCS THERMAL RESISTIVITY
- CLASSI- ,F-ft-h rs l F t FICAT ION 5 "C-c watt t

48 7 SP-SM 1.71 99.0

69 28 SM 1 75 101.0

46 31 SM 1.43 82.9

80 19 SM 1.54 88.9
EXPLANATION

66 29 SM 2 91 1BB. 3

80 7 SP-SM I 94 112.0 (1) P - PITCHER SAMPLE
- :0 - FUGRO DRIVE SAMPLE

88 3 SP Sm 1.62 93.9 (2) GR - GRAVEL (RETAINED ON NO.4 SIEVE)

5 SP 1. 17 67.6 SA - SAND (PASSING NO.4 SIEVE BUT
" RETAINED ON NO.200 SIEVE)

68 20 SM 1.94 112 0 F( - FINES (PASSING NO 200 SIEVE)

81 12 SP-SM 1.98 114.6 (3) USCS - UNIFIED SOIL CLASSIFICATION

5! 8 SP-SM 0.91 528 SYSTEM, (SEE APPENDIX B FOR DETALLS)

63 11 SP-SM 2.79 161.2

THESAL mESISTIVITY TEST RESULTS

REVEILLE-RAILROAD 40
BIG ogKr COPs, NEVADA

IX SITING iNVESTIGATON 
3-1

OEPARTMENI OF THE AIR FORCE - S I OF

._._ __ __ ... .
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Based on the results of the thermal needle calibration tests

performed before and after the test series, the repeatability of

the reported thermal resistivity values of the soil samples is

within +2 percent.

I
r

I

I
I
I
I
I
I

I
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4.0 VOLUMETRIC HEAT CAPACITY

Volumetric heat capacity of a soil is defined as the amount of

heat necessary to change the temperature of a unit volume of

the soil by one degree. The amount of temperature change in

response to the absorption or release of heat is governed by the

heat capacity. The heat capacity of natural soils is strongly

dependent on the soil porosity and water content, both of which

may be subject to fluctuations. If the specific heat and

amounts of each soil constituent and water content are known,

the heat capacity of the soil-water system can be calculated.

Specific heat is defined as follows: The ratio of the amount of

heat necessary to change the temperature of a unit mass of a

A substance by one degree to the amount of heat necessary to raise

a unit mass of water through the same change in temperature.

4.1 TEST PROCEDURE

The methodology utilized to determine the specific heat of soil

constituents is similar to that presented by Taylor and Jackson

(1965). A calorimeter, an accessory vessel, and thermometers

were used in the test. Both the calorimeter and accessory

vessels were one-pint thermos jars (with insulated cay placed

inside foam insulated boxes.

The test procedure used in determining specific heat of soils

consisted of adding a known Cuantity of dry representative soil

to the calorimeter along with a measured amount of watec, suffi-

cient to form a dilute suspension. The temperature of the sus-

pension was measured. Then, a measured quantity of water at a
T O
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higher known temperature was added to the calorimeter so that

F I the final temperature of the soil-water suspension was 10 to 50 C

higher than the initial temperature. The final temperature of

the suspension in the calorimeter was measured. Using these

results, the specific heat of the soil was calculated.

Details of the test apparatus, test procedure, test data sheets,

I and calculations used to compute the specific heat and volu-

i metric heat capacity of the soil are presented in Appendix E.

Volumetric heat capacity of a soil sample was calculated using

specific heat of the soil constituent and dry density and the

I moisture content of the soil sample. Specific heat of water was

assumed to be 1.0 B/lb-°F (1.0 cal/g-OC).

4.2 RESULTS

A total of 33 specific heat tests were performed in the labora-

tory on soil samples from both Reveille-Railroad and Cig Smoky

I CDPs. The test results are presented in Table 4-1. In addi-

tion, physical properties and volumetric heat capacity of soil

samples are also included in the table. A review of Table 4-1

indicates that the specific heat of the sands from the two sites

ranges between 0.154 to 0.197 cal/g-OC. However, there is

considerable variation in the volumetric heat capacity of the in

situ soil samples; this is attributed to the variition in dIen-

I sity and moisture content of the soils.

I
I
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A1.0 COMPONENTS

IComponents used in the assembly of a thermal probe are as

g follows:

1. Thermocouples - Type T special (copper-constantan)

PVC/PE +3/4 0 F

Manufacturer: Omega Engineering, Inc.I
The thermocouple covering consisted of two layers. The

inner layer was polyvinyl chloride (PVC) and the outer layer

was polyethylene (PE). Some thermocouples were calibrated

I by an outside agency. They were found to be accurate

within +0.2 0 F.

2. Polyethylene rope - 0.25-inch diameter (6 mm)

j 3. PVC pipe and fittings -

Manufacturer: Ryan Herco

I Pipe: Schedule 80, nominal size 3/4 inch (19 mm)

O.D. 1.050 inch (26.7 mm), I.D. 0.722 inch (18.3 mn)

Fittings: compression couplings, brass plug, compression

3 adapter, coupling and flange

4. Jack panel - suitable for 18 circuits

I Manufacturer: Omega Engineering, Inc.

5. Male plugs - suitable for copper-constantan thermocouples

6. Hoffman box (junction box) - to house the jack panel

7. Manhole - frame with cover, made of plastic and watertight

8. Digital readout unit - Fluke 2100A-0r5 digital thermometer

I with battery pack

M N
I 1 iDgo NTIONAL.IN
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I A2.0 ASSEMBLY

i Procedures used in the assembly of a thermal probe are as

g follows:

1. The thermocouples were covered with a SILASTIC compound

fI (silicone) encapsuled by heat shrinkable polyolefin tubing.

The process consisted of:

A. Place SILASTIC on thermocouple bead;

B. Load shrink tube sleeve with SILASTIC;

C. Slide shrink tube over thermocouple bead; and

D. App 7y light amount of heat to shrink the tube.

2. The thermocour'es were attached to the polyethylene rope as

follows:

A. Tie thermocouple with nylon lacing cord to the poly-

ethylene rope at the desired place; and

B. Wrap the thermocouple and the rope with rubber tape.

3. Each thermocouple was identified by a number as shown in

Figure 2-1 (Section 2.0 of main text). The thermocouple

wires were attached to the polyethylene rope with self-

vulcanizing rubber tape at intervals of 1 to 2 feet (30 to

60 cm).

S4. The polyethylene rope was laid on the floor and the thermo-

couples were attached to the rope at various intervals as

described in Step 2.

5. The bottom end of the rope was connected to a coupling and a

brass plug. The rope was threaded through sections of PVC

i pipe with compression couplings attached to one end. The

T 0". NATIONAL, INC.
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I pipe sections were laid side by side so that the rope could

form a loop while transversing from one section to the next.

6. The PVC sections were secured in a wooden crate and loaded

on an overhead rack of a pickup truck ready for shipment

to the field.

Photographs of the thermocouples and assembly of thermal probes

g are presented in Plate A-1.

IA3.0 FIELD INSTALLATION

A schematic drawing of a typical installation of a thermal probe

I is shown in Figure 2-2. The procedures followed during instal-

lation of the thermal probe are as follows:

1. Following drilling of a boring, it was flushed with water

until the return water was clear.

2. A borehole rabbit, consisting of a weighted 3-inch-diameter

g (75-mm) and 12-inch-long (300-mm) PVC pipe, was lowered into

the boring to check for possible caving of the sides.

3. A wooden pipe clamp was placed over the top of the boring.

4. The pickup truck carrying the thermal probe was moved

adjacent to the boring.

I 5. The bottom section of the probe was lowered into the boring

and the top of the PVC pipe was secured in place using the

pipe clamp. The second section of the PVC pipe was con-

nected to the bottom section using the compression coupling,

and it was lowered into the boring. The top of the second

section was secured using the pipe clamp.

-~'; I fsU N KATIONAL, IND.
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6. Approximately 20 pounds of lead shot were added to the bot-

tom two sections of the PVC pipe to overcome buoyancy.

7. The next PVC section was brought in line with the sections

i in the borings and was connected to them using a compression

coupling. The coupling was filled with a latex caulking

compound to prevent convection air currents in the PVC pipes

following installation.

8. By repeating the procedure in Step 7, all the PVC sections

I were lowered into the boring until the bottom of the probe

was at 125 feet (38.1 m) below the ground surface. During

Ilowering of each PVC section, the top end of the polyvinyl

rope inside was pulled to ensure that there were no kinks

in the string.

9. After the installation, a continuity check of the thermo-

couples was made using an ohmmeter.

I 10. The boring was backfilled with Monterey No. 1 sand up to a

depth of approximately 10 feet (3 m) below the ground sur-

face. The top 10 feet was backfilled with in situ soil at

I the surface.

11. The thermocouple wires were connected to a jack panel which

was placed and fastened inside a junction box. The junction

box was connected to the top of the thermal probe at the

ground level. A continuity check of the thermocouples was

performed again.

12. A shallow hole (6 inches deep; 150 mm) was excavated around

the junction box and ready-mix concrete was placed in it.

1 l--.IX NATIONAL. IND.
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13. A manhole with cover was placed around the junction box with

Ianchor bolts embedded in the fresh concrete.

14. A minimum of 12 hours was allowed for the concrete to

harden. The anchor bolts were tightened and more concrete

was placed around the manhole.

15. An initial set of readings of the thermocouples was taken.

g After placing and locking the manhole cover, a cattle guard

was built around the manhole.

Photographs showing various stages of field installation are

presented in Plate A-2.I
A4.0 READINGSI

The Fluke digital readout unit was used to read the thermocou-

ples. The procedure used for taking temperature readings was as

follows:

I 1. The manhole cover was opened and a minimum of ten minutes

was allowed for the junction box to come to thermal equilib-

rium with the surrounding temperature.

2. The male jack from the readout unit was plugged into the

female jack of a thermocouple.

1 3. Temperature readings were taken immediately and then again

two minutes after plugging in the male jack.

4. The procedure outlined in Step 3 was repeated for a]l 15

I the rmocoupl es.

Normally, there was no difference between the zero- and two-

minute readings. The temperature difference between the three

I thermocouples at any level was generally not more than 0.2 0 F.

N ,W.
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PHOTO 1I SINGLE BckO THERMOCOUPLE

PHOTO 2 -SINGLE BEAD THERMOCOUPLE WITH INSULATION

0 O 99THERMAL PROBE ASSEMBLY PLATE A-1
9 NOV 1979I OF 5
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I
PHOTO 3 - BRANCHED BEAD THERMOCOUPLE WITH INSULATIONI

I
I
I
I
I

r 14

, THERMAL PROBE ASSEMBLY PLATE A-I
9 NOV 1979 2 or 5
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PHOTO 4 - ATTACHMENT OF THERMOCOUPLES TO POLYETHYLENE ROPE

I
/ --- THERMOCOUPLE

POLYETHYLENE ----
ROPE

RUBBER TAPE
RUBBE TAP NYLON LACING CORD

(SELF VULCANIZING, WRAPPED
BOTH UNDER AND OVER

THERMOCOUPLE)

I
I

. I

THERMAL PROBE ASSEMBLY PLATE A-i
9 NOV 1979 
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PHOTO 7 - THERMAL PROBE SECURED IN A
WOODEN CRATE READY FOR SHIPMENT

A
I

I
I

I
I

I
PHOTO 8 - DETAIL OF THERMAL PROBE IN SHIPPING CRATEI

I THERMAL PROBE ASSEMBLY PLATE A-I
9 NOV 1970
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PHOTO 1I BOREHOLE RABBIT USED TO CHECK COLLAPSE
OF SIDEVALLS BEFORE PROBE INSTALLATION

*PHOTO 2 -LOWERING FIRST SECTION OF THERMAL PROBE INTO BORING

THERMAL PROBE INSTALLATION PLATE A-2

I No 19@V
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IPHOTO 3 -ADDING LEADSHOT TO BOTTOM TWO SECTIONS OF PVC PIPE

PHOTO 4 - COMPRESSION COUPLING HELD BY WOODEN PIPE CLAMP

THERMAL PROBE INSTALLATION PLATE A-2
~ wov19192 OF 0
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PHOTO 5 INJECTING CAULKING COMPOUND INTO COUPLING

IOA

-L, , ..t, Ii it

PHOTO - TIGHTENING COMPRESSION COUPLING

I

3THERMAL PRONE INSTALLATION PLATE A-2
0 o 9 

3 OfT I



FN-TA-29

I

PHOTO 7 - BACKFILLING THE BORING WITH MONTEREY

NO. I SAND AFTER PROBE INSTALLATION

I
I
I

I
PHOTO 6 - HOFFMAN BOX AND JACK PANEL IN PLACE-THERMOCOUPLE

WIRES BEING ATTACHED TO JACKSI
I

THERMAL PROBE INSTALLATION PLATE A-2

9 NoV 1979 
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PHOTO 9 -CONCRETE FORMS AROUND JUNCTION BOX

PHTI0 CNRT LCE RUDJNTO O

P HOT E0CRET PLCED SAROUDL UNTION BOXE A-

9 NOV 1079
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PHOTO 11 -MANHOLE RING IN PLACE AND READING THERMOCOUPLES
USING DIGITAL READOUT UNIT

A

I
I
!

I
PHOTO 12- COMPLETED THERMAL PROBE

I INSTALLATION WITH CATTLE GUARD

I THERMAL PROBE INSTALLATION PLATE A-2

9 NOV 
1179
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B1.0 DRILLING PROCEDURES

I B1.1 DRILLING EQUIPMENT

The borings were drilled at designated locations using a truck-

mounted Failing 1500 drilling rig with hydraulic pulldown and

rotary wash techniques. Borings were nominally 4-7/8 inches

(124 mm) in diameter, and drilling fluid (typically a bentonite-

water slurry) was used to stabilize the hole. A tricone drill

bit was used for coarse-grained soils and a drag bit for drill-

ing in fine-grained soils. Nominal maximum depth drilled

I was 160 feet (49 m).

B1.2 SOIL SAMPLING

B1.2.1 Sampling Intervals

Soil samples were obtained at the following nominal depths as

well as depths of change in soil type.

I 0' - 2 ' (0-0.6 m) - drive sample

2.5' - 5' (0.8-1.5 m) - Pitcher or drive

6 ' - 8' (1.8-2.4 m) - Pitcher or drive

10' - 30' (3.0-9.1 m) - Pitcher or drive - samples at 5'
intervals, starting at a depth
of 10'

30' - 130' (9.1-39.0 m) - Pitcher or drive - samples at 10'
intervals

130' - 160' (39.0-48.0 m) - Pitcher or drive - samples at 15'
intervals

R1.2.2 Sampling Techniques

B1.2.2.1 Fugro Drive Samples

Fugro Drive samplers were used to obtain relatively undisturbed) 3 soil samples. The Fugro Drive sampler is a ring-lined barrel

.OO NATIONAL ,.
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sampler with an outside diameter of 3.0 inches (76.2 mm) and

inside diameter of 2.50 inches (63.5 mm). It contains 12 indi-

vidual 1-inch-long (25.4-mm) rings and is attached to a 12-inch-

long (30-cm) waste barrel. The sampler was advanced using a

downhole hammer weighing 335 pounds (76 kg) with a drop of

18 inches (46 cm).

The number of blows reauired to advance the sampler for a s-inch

(15-cm) interval was recorded. Samples obtained were retained

in the rings, placed in plastic bags with manually twisted top

ends, and sealed in plastic sample containers. Each sample was

identified with a label indicating job number, boring number,

sample number, depth range, Unified Soil Classification (USCS),

and date. Ring samples were placed in foam-lined steel boxes.I
B1.2.2.2 Pitcher Tube Samples

The Pitcher sampler was used to obtain undisturbed soil samples.

The primary components of this sampler are an outer rotating

core barrel with a bit and an inner, stationary, spring-loaded,

thin-walled sampling tube which leads or trails the outer barrel

drilling bit, depending on the hardness of the material pene-

trated. The average inside diameter of the sampling tubes used

was 2.87 inches (73 mm). Before placing the Pitcher tube in

the outer barrel, the tube was inspected for sharpness or

3 protrusions.

The Pitcher sampler was then lowered to the bottom of the borinq

and the thin-walled sampling tube advanced into the soil ahead

of the rotating cutting bit by the weight of the drill rods and

I [--,O WAToNAL. INC.
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I hydraulic pulldown. The thin-walled sampling tube was retracted

into the core barrel and the sampler was brought to the surface.

After removal of the sampling tube from the core barrel, the

length of the recovered soil sample was measured and recorded.

Before preparing and sealing the tube, the drilling fluid in the

I Pitcher tube was removed. Cap plugs were taped in place on the

top and bottom of the Pitcher tabe and sealed with wax. When

Pitcher samples could not be retrieved without disturbance, they

were clearly marked as "disturbed." Each sealed Pitcher tube

was labeled as explained under "Fugro Drive Samples" and then

I placed vertically in foam-lined wooden boxes.

B1.2.2.3 Wash Samples (Bulk Samples)

Wash samples (cuttings) were obtained by screening the returning

I drilling fluid during the drilling operations to obtain litho-

logic information between samples. Recovered wash samples were

placed in plastic bags and labeled as explained previously.

B1.2.2.4 Standard Penetration Test Samples

These samples were obtained using split-spoon samplers. They

are disturbed but representative soil samples. The split-spoon

I sampler consists of a barrel shoe, a split barrel or tube, a

solid sleeve, and a sampler head. The inside diameter of the

sampler shoe is 1.375 inches (35 mm) and the length is about

18 inches (45.7 cm). Sampling with the split-spoon sampler is

accomplished by driving the sampler into the ground with a 140-

pound (63.6-kg) hammer dropped 30 inches (75 cm). The number

I of blows required to drive the sampler a distance of 12 inches

T J111EU NATIONAL, IWO,
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(30.4 cm) was recorded as the Standard Penetration Resistance (N

jvalue; ASTM D 158ri-67). The disturbed samples obtained from the

split-spoon sampler were placed in plastic bags and labeled as

j explained previously.

f B1.3 LOGGING

All soils were classified in the field as explained in Sec-

tion B2.0. The following general information was entered on

the boring logs at the time of drilling: boring number; proj-

ect name, number, and location; name of drilling company and

driller; name of logger and date logged; and method of drilling

and sampling, drill bit type and size, driving weight and

average drop as applicable.

A B1.4 SAMPLE STORAGE AND TRANSPORTATION

Samples were handled with care, drive sample containers being

I placed in foam-lined steel boxes, while Pitcher samples were

transported in foam-lined wooden boxes. Core samples were

placed in specially constructed wooden or cardboard boxes. Par-

j ticular care was exercised by drivers while traversing rough

terrain so as not to cause any disturbance to the undisturbed

I samples. Whenever ambient air temperatures fell below 32 0 F,

all samples were stored in heated rooms during the field wor.

and transported to Fugro National's Long Reach laboratory in

heated cabins in back of pickup trucks.

n O NATIONAL, INO.
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B2.0 EXPLANATIONS OF BORING LOGS

Logs of borings drilled in Reveille-Railroad and Big Smoky CDPs

i are presented on standard Fugro National logs in Figures B-i

through B-13. The following explanations are provided as a key

to the logs.

A. Designations - Borings are identified as follows:

1RR-B-l
RR - abbreviation for the site (e.g., RR-Reveille-Railroad)
B - abbreviation for activity (e.g., B-boring)
1 - number of activity

I B. Sample Type - Different sampling techniques were used and

the symbols are explained at the bottom of the boring logs.

Horizontal lines, to scale, indicate the depth where sam-

pling was attempted.

C. Percent Recovery - The numbers shown represent the ratio

(in percent) of the soil sample recovered in the sampler to

the full penetration of the sampler.

D. N Value - Corresponds to standard penetration resistance,

which is number of blows required to drive a standard

I split-spoon sampler for the second and third of three

6-inch (15-cm) increments with a 140-pound (,3.5-kg) hammer

falling 30 inches (76 cm) (ASTM D 1586-,;7).

I E. Depth - Corresponds to depth helow ground surface in meters

and feet.

I F. Lithology -. Graphic representation of the soil tyl es.

G. UPCS - Unified Soil Classification System (see Table 31-1

for complete details) symhols.

E
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H. Soil Description - Except in cases where samples were clas-

sified bdsed on laboratory test data, the descriptions are

based on visual classification. The procedures outlined in

ASTM D 2487-69, Classification of Soils for Engineering

Purposes, and D 2488-69, Description of Soils (Visual-Manual

Procedure), were followed. Solid lines across the column

indicate known change in strata at the depth shown.

Definitions of some of the terms and criteria to describe

soils and conditions encountered during the investigation

follow.

Gradation A coarse-grained soil is well graded if it

has a wide range in grain size and substantial

* amounts of most intermediate particle sizes.

Poorly graded indicates that the soil consists

predominantly of one size (uniformly graded)

or has a wide range of sizes with some inter-

mediate sizes obviously missing (gap-graded).

Moisture Dry - no feel of m, isture
Slightly Moist - much less than normal mois-

ture
Moist - normal moisture for soil
Very Moist - much greater than normal

moisture
Wet - for soils below the water

table (if known)

Consistency: Consistency descriptions of coarse-grained

soils (GW, GP, GM, CC, SW, SP, SM, SC) are as

foll ows.

I
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N Value

Consistency (ASTM D 1586-67)

A Very Loose 0 - 4

Loose 4 - 10
Medium Dense 10 - 30
Dense 30 - 5n
Very Dense >50

Consistency descriptions of fine-grained

soils (ML, CL, MH, CH) are as follows:I
Shear Stren th

I Consistency (ksf) (kn/m 2 ) Field Guide

Very Soft 0.25 12 Sample with
height equal to

twice the dian-

eter, sags under
own weight

I Soft 0.25- 12 - Can be squeezed

0.50 24 between thumb and
i forefinger

Firm 0.50- 24- Can be molded

1.00 48 easily with

I fingers

Stiff 1.00- 42- Can be imprinted

2.00 9r with slight pres-

sure from fingers

Very Stiff 2.00- 9(- Can be imprinted

4.00 192 with considerable
pressure from

fingers

I Hard over over Cannot be
4.00 192 imprinted by

fingers

Grain Shape: Angular - particles have sharp edges and

relatively plane sides with
I unpolished surfaces.

Suban,jliar - particles are similar to anglular

I but have somewhat rounded edges.

1 iUna NATIONAL. INO,
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Subrounded - particles exhibit nearly plane
sides but have well-rounded cor-

Aners and edges.

Rounded - particles have smoothly curved
sides and no edges.

Calcareous Containing calcium carbonate; presence of cal-

g cium carbonate is commonly identified on the

basis of reaction with dilute hydrochloric

I acid.

Caliche Soils cemented by porous calcium carbonate

I and/or other soluble minerals by upward-moving

Isolutions.
Secondary
Vaterial Example - Sand with trace silt

Trace - 5-12% (by dry weight)
Little - 13-20% (by dry weight)

I Some - >21% (by dry weight)

Plasticity Plasticity index is the range of water con-

I tent, expressed as a percentage of the weight

of the oven-dried soil, through which the soil

is plastic. It is defined as the liquid limit

3 minus the plastic limit. Descriptive ranges

used on the logs include:

I Nonplastic (PI, 0 - 4)
Slightly Plastic (PI, 4 - 15)
Medium Plastic (PI, 15 - 30)

Highly Plastic (PI, >31)

Cobbles and
j Boulders : A cobble is a rock fragment, usually rounded

by weathering or abrasion, with an average

diameter ranging between 3 and 12 inches (F

and 30 cm),

ONOum NATIONAL. INC.
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A boulder is a rock fragment, usually rounded

jby weathering or abrasion, with an average

diameter of 12 inches (30 cm) or more.

I. Remarks - This column was provided on boring logs for com-

ments regarding drilling difficulty, number and size of cob-

bles or boulders encountered, loss of drilling fluid in the

boring, and other conditions encountered during drilling.

J. Dry Density and Moisture Content - The boring logs include

j a graphical display of laboratory test results for dry den-

sity in pounds per cubic foot and kilograms per cubic meter

Iand moisture content (ASTM D 2216-71) in percent from repre-

sentative samples taken during drilling. The symbols are

explained at the bottom of the boring logs.

K. Sieve Analysis - The numbers represent the percentage by dry

weight (ASTM D 422-63) of each of the following soil compo-

I nents:

GR - Gravel; rock particles that will pass a 3-inch (76-mm)
sieve and are retained on No. 4 (4.75 mm) sieve.

SA - Sand; soil particles passing No. 4 sieve and retained
on No. 200 (0.075 mm) sieve.

FI - Fines (silt or clay); soil particles passing No. 200
j sieve.

L. Atterberg Limits (LL and PI) -

j LL - Liquid Limit, the water content corresponding to the
arbitrary limit between the liquid and plastic states
of consistency of a soil (ASTM D 423-66).

I PL - Plastic Limit, the water content corresponding to an
arbitrary limit between the plastic and the semisolid
state of consistency of a soil (ASTM 1) 42,1-59).

PI - Plasticity Index, nunerical difference between the
liquid limit (LL) and the plastic limit (PL) indicating

IT N .NATINAL. NO.
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the range of moisture content within which a soil-water

mixture is plastic.

A NP - Nonplastic.

g M. Miscellaneous Information -

Elevations - indicated elevations on the logs are esti-
mated from topographic maps of the study
area, within an accuracy of half the
contour interval.

Surficial
Geologic Unit - indicates the surficial geologic unit in

which the activity is located.

Date Drilled - indicates the period from beginning to com-
pletion of the activity.

Drilling
Method - signifies the type of drilling procedure

used such as rotary wash.

Hole Diameter - nominal size of boring drilled.

Water Level - indicates depth from ground surface to water

I table where encountered.

I
I
I
I
I
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C1.0 THEORY

Soil thermal resistivity was measured in the laboratory using a

thermal needle. The thermal needle method is based on the

measurement of the rate of temperature rise along a line heat

source within an infinite, homogeneous medium. The temperature

o at any time t at the heat source is:

Q Ei (-X) ............... (Carlslaw and Jaeaer, 1959) [11
4 Trk

where

Q = heat input per unit length per unit time;

f k = thermal conductivity = l/p;

p = thermal resistivity;

X = -r 2 /(4at);

a = thermal diffusivity;

r = radial distance from heat source; and
gi (-X) = -f' (e U/u)du.

For small values of X and large values of t, Eq. [1] becomes:

( 4at

0 - 4 k ( rn - 0.5772) ...................................... 2]

therefore,

AO = - ( nAlm t) pAln t) ........................ [31
TT k 4 1

Thus, if heat is applied at a known constant rate to a line

embedded in the medium of interest and the temperature of the

line is measured as a function of time, a straight-line rela-

tionship is indicated between 0 and In t, with a slope propor-

tional to the thermal resistivity, p. In practice, the line

heat source is approximated by a small diameter needle, and the

I relationship in Eq. [3] is valid after heating times of only a

few seconds.

SRO** NATIONAL. INm.
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C2.0 THERMAL NEEDLE

C2.1 COMPONENTS AND ASSEMBLY

The thermal needle consisted of a stainless steel hypodermic

g tubing containing a heater element and a thermocouple as shown

in Figure C-1. Its components and assembly were similar to the

one constructed in the University of California at Berkeley

(Mitchell, 1979). The hypodermic tubing was cut to 4-1/2 inches

(114 mm) in length. The end that would be inserted into the

gthermocouple jack was roughened for a length of 0.5 inch (13

mm). A copper-constantan thermocouple wire junction previously

jcoated with an insulating varnish was threaded into the hypo-

dermic needle with the junction 2 inches (51 mm) from the end of

I the needle. At the sane time, a manganin heater element was

I inserted with approximately 3-inch (76 mm) pigtails extending

from the needle as shown in Figure C-1. The uncut end of the

needle was then inserted into an evacuating flask through a

rubber stopper and the other end was placed in a reservoir of

I epoxy primer as shown in Figure C-2. A vacuum pump connected to

the evacuating flask drew the epoxy up through the needle. When

epoxy appeared at the top of the needle, the vacuum pump was

( shut off. The needle was removed from the reservoir and flask

and a blob of putty placed at the end to hold in the epoxy for

I hardening. After hardening of the epoxy, the thermocouple wires

were soldered to the pins of a polarized thermocouple jack and

the roughened end of the needle was placed in the jack. The

I heater leads were brought out through two holes drilled in the

back of the hakelite head (see Figure C-l).

I ONO NATIONAL, INC.
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C2.2 CALIBRATION

The thermal needle was calibrated before its use by comparing

its determination of the thermal resistivity of Monterey No. 0

I sand with data published by Mitchell et al. (1977). The results

are shown in Figure C-3. After completion of the thermal resis-

I tivity tests on soil samples, the needle was again calibrated.

These results are also shown in Figure C-3.

A review of Figure C-3 indicates that the thermal resistivity

values of Monterey No. 0 sand as determined by Fugro National

Iare slightly higher than those reported by Mitchell et al.

(1977). The difference can be attributed to the method of cali-

bration sample preparation and probable presence of a small

amount of moisture in the sample. In the study performed by

i~ Mitchell et al. (1977), the thermal needle was rigidly held in

the compaction mold first and the sand was placed around it. In

the Fugro N9ational study, the sand was compacted in the mold

first and then the needle was inserted. The difference in the

method of sample preparation would affect the density of the

I soil around the needle which would result in variation in

thermal resistivity. In addition, there could have been a

slight difference in the amount of moisture present in the sand

(though sand is oven-dried, humidity of the air coul affect the

moisture in sand during sample preparation) in the two studies

1 which could result in substantial variation of electrical

resistivities.

O N

J 1 iagO NATIONAL, .
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C3.0 APPARATUS

The test apparatus consisted of the following:

1. Thermal Needle - the components and construction are
described in Section C2.0.

2. Constant Current Source - HP 6201 constant current power
3 supply.

3. Readout Unit - Fluke 2100A digital thermometer.

I 4. Timer - stopwatch.

5. Electric drill and 0.09-inch (2.3-rm) drill bit.

6. Thermal grease manufactured by 3M (thermal conductivity =

0.520-0.923 gm-cal/sec cmOC).

C4.0 TEST PROCEDURE

The laboratory test procedure used in determining thermal

resistivity of a soil sample is as follows:

1. An 8-inch-, +l-inch, long (20-cm +3-cm) undistUrbed soil

sample was trimmed with ends flush with the sapipling tube

I (Pitcher sample) or brass rings (Fugro Drive sample).

2. The sample with the tube (or rings) was weighed.

3. A longitudinal hole at the center of the soil sample was

drilled to a depth of 4 inches (10 cm) using the 0.09-inch

1 (2.3-mm) electric drill and the 0.09-inch-diameter drill bit

(see Photo 1 in Plate C-1).

4. The thermal needle was coated with thermal grease (Photo 2

j in Plate C-1) to ensure good contact between the needle and

the soil and then inserted into the hole to a depth of

1 4 inches (102 mm).

- 00 NATIONAL. 10o.
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Ii

;

PHOTO 1 - DRILLING HOLE IN SAMPLE FOR PHOTO 2- THERMAL NEEDLE WITH
THERMAL PROBE INSERTION THERMAL GREASE APPLIED

IVI

I

jPHOTO 3 -TEST SETUP

THERMAL RESISTIVITY TEST SETUP PLATE C-I

* NOV l07?
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I
5. The heater wire of the thermal needle was connected to the

constant heat source and the thermocouple to the readout

unit.

6. A known constant current (1 amp) was applied tc the heater

wire and then the temperature of the needle was measured at

various intervals of time. The test set up is shown in

Photo 3 of Plate C-1.

7. Measurements made during the test were recorded on a data

sheet as shown in Figure C-4. Then a plot of temperature

versus log time was prepared (see Figure C-5). Using data

from two points on the straight-line portion of the plot,

thermal resistivity of the soil sample was computed. Com-

putations are shown in Figure C-6 and are explained in

detail in Section C5-0.

C5.0 CALCULATIONS

g The thermal resistivity of the soil sample was computed as

explained below:

O( Ain t) .......................................... [3]
4Trk

where

Ae = change in temperature;

Q = heat input per unit length per unit time;
1

k = p = thermal conductivity; and

t = tire.

In the test, assume that during time interval from tI to t2 the

temperature increased from T1 to T 2.

I P*UU -e"--U-" ""m



FN - TR -29

LABORATORY THERMAL NEEDLE RESISTIVITY TEST
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AO T2 - Ti 4Q ( ik n t 2 - In tl)

_ 2.30 (t
4 ir k (10910 i01 tl)

k - 2.3Q log t-L- ......... [4]4irA8 10 tI ............................

12R El

Heat input Q - L - (Winterkorn, 1970)

(Q = power consumption of heater wire in watts per unit length,

which is assumed to be the equivalent of heat output per

unit length of wire)

where

I = current flowing through heater wire, in amps;

R = total resistance of heater wire, in ohms;

L = length of heater wire, in cms; and

E = voltage measured.

therefore,

k = 2.3 EI log1 0 tz .5]
4IAaL 10 tI ......................................

For the tests (standardized test conditions) conducted in the

laboratory,

E = 3.15 volts;

I = 1.0 amp; and

L = 16.3 cm.

p Using these values, Eq. (5] will be
_____t 2  i at/Cc

k = 0.03537 logl 0 t , in watt/OC-cm......................[6]
A0 t1

This equation was used in computing thermal conductivity values

of the soil samples (see Figure C-6). Thermal resistivity of

the soil samples was then computed using the relationship p= -

SI@S NATIONAL, INO.
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A = T- Q p (in t 2 - In tl)

_2.3Q

2.T P (log1 0 t 2 - log, 0 t l )

I p A log t ............ ............................. [41
P _A2.3Q 10gl t2  . . .. . .

Heatinpu Q- 2 R -EI

Heat input Q L (Winterkorn, 1970)

(Q = power consumption of heater wire in watts per unit length,

which is assumed to be the equivalent of heat output per

unit length of wire)

wh er ewr I = current flowing through heater wire, in amps;

R = total resistance of heater wire, in ohms;

L = length of heater wire, in cms; and

E = voltage measured.

therefore,
I-log LI. ... [5]

2.I3p= I l 0 t 2 ................................

I For the tests (standardized test conditions) conducted in the

laboratory,

E = 3.15 volts;

j I = 1.0 amp; and

L = 16.3 cm.

II Using these values, Eq. [51 will be

j log , in oC - cit/watt . .................. r]0 .0 3537 I t

This equation was used in computing thermal resistivity values

I of the Lioil sanples (see Figure C-G).

I
- -H NATIONAL, IO



I FN-TR-29

1 APPENDIX D

SUPPLEMENTARY TESTS

11 ,A l-T,0W



FN-TR-29

TABLE OF CONTENTS

APPENDIX D - SUPPLEMENTARY TESTS Page

Dl.0 INTRODUCTION ...................................... D-1

D2.0 MOISTURE-DENSITY DETERMINATION ....................... D-1

D3.0 PARTICLE-SIZE ANALYSIS ............................ D-l

SUBAPPENDIX Dl - MOISTURE-DENSITY DETERMINATION

SUBAPPENDIX D2 - PARTICLE-SIZE ANALYSIS

LIST OF FIGURES

D-l Particle-Size Analyses, Boring RR-B-2
Reveille-Railroad CDP, Nevada ......................... D-2

D-2 Particle-Size Analyses, Boring RR-B-3
Reveille-Railroad CDP, Nevada ......................... D-3

D-3 Particle-Size Analyses, Boring RR-B-3A
j Reveille-Railroad CDP, Nevada ......................... D-4

D-4 Particle-Size Analyses, Boring RR-B-4
Reveille-Railroad CDP, Nevada ......................... D-5

D-5 Particle-Size Analyses, Boring RR-B-5
i Reveille-Railroad CDP, Nevada ......................... D-6

D-6 Particle-Size Analyses, Boring RR-B-6
Reveille-Railroad CDP, Nevada ......................... D-7

D-7 Particle-Size Analyses, Boring BS-B-I

Big Smoky CDP, Nevada ........... .................. D-8

I D-8 Particle-Size Analyses,Boring BS-P-2
Big Smoky CDP, Nevada .................................. D-9

I D-9 Particle-Size Analyses, Boring BS-B-3
Big Smoky CDP, Nevada .................................. D-10

D-10 Particle-Size Analyses, Boring BS-B-5
Big Smoky CDP, Nevada ................................. D-11

D-11 Particle-Size Analyses, Boring BS-B-6
Big Smoky CDP, Nevada .................................. D-12

D-i

ION NATIONAL. INC.



IFN-TR-29

LIST OF FIGURES (Cont.)
IPage

I D-12 Standard Method of Laboratory Determination
of Moisture Content of Soil ............................ D-lS

I D-13 Typical Test Data Sheet, Moisture-Density Tests .... D-17

D-14 Standard Method for Dry Preparation
of Soil Samples for Particle-Size Analysis
and Determination of Soil Constants ................. D-21

D-15 Standard Method for Particle-Size
Analysis of Soils ...................................... D-32

D-16 Typical Test Data Sheet
Particle-Size Analysis of Soil ....................... D-33

I
I
I
I
!
I
i
i
I D-i i

r-'- 0IH *ATIUNlAL, |Q



FN-TR-29

D1.0 INTRODUCTION

ISupplementary tests consisted of the following:

Moisture Content

Dry Density
Particle-Size Analysis

The tests were performed in general accor4a.ice with procedures

of the American Society for Testing and Materials (ASTM). These

test procedures are presented in this appendix.

D2.0 MOISTURE-DENSITY DETERMINATION

Standardized test procedure (Fugro Test Procedure No. 200) was

used in determination of wet and dry densities of soil samples.

Moisture content of the soil sample was determined in accordance

with ASTM D 2216-71, Laboratory Determination of Moisture

Content of Soil. These test procedures and typical test data

I sheets are presented in Subappendix Dl.

I D3.0 PARTICLE-SIZE ANALYSIS

Fugro test procedure No. 190 was used for particle-size analysis

of soil samples. Distribution of particle sizes larger than

1 75 microns (retained on No. 200 sieve) was determined by siev-

ing. Distribution of particle sizes finer than 75 microns was

j not determined. The test procedure and typical data sheets are

presented in Subappendix D2. Results of particle-size analysis

I! tests on soil samples used in thermal properties tests are pre-

I sented graphically in Figures D-1 through D-11.

IT On=um NATIONAL, INC.
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GRAVEL SAND SITORCA
COARSE I FINE COARSE MEDIUM FINE _________________

STANDARD SIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER

0 " 3 4" 3 A" 4 1 0 20 40 s0 '00 200

u-7I

50 0 10.0 5 0 1 0 0 5 0 .05 .01 .005 .001
GRAIN SIZE IN MILLIMETERS

SYBLBORING SAMPLE SAMPLE INTERVAL LIQUID PLASTIC PLASTICITY SOIL
SYBL NO0 NO. FEET ) METERS LIMI T LIMIT INDEX TYPE

I----jRR-8-2 IP-2 I 3.0-3. 9 1 0.9-1.2 IS
RR-8-2 D-8 30.4-30.9 1 9.3-9.4 SPM
RR-B-2 0-9 35.3-35 8 1 10.8-0. S

u--7

80 _

:4ca217- iziz

0.L0a.1 .05.0

GRAI SIEINMLIMTR

56.0 - P-lB 1.0-107 332! 3. J' SM.1.05.0

PARTICLE-SIZE ANALYSES1. BORING RR-B-2
REVEI LLE-RAILIROAD COP. NEVADA

MX SITING INVESTIGATION FIGURE

DEPARTMENT OF THE AIR FORCE - SAMSO I D-
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GRAVEL SAND SL RCA
COARSE I FINE COARSE MEDIUM FINE SL RCA

STANDARD SIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER
3" ' 3 4' 3 1" A 0 20 40 60 0 20

LU

.-

50 0 10. 0 5 0 1 0 0.5 0 1 .65 Q 11 0

GRAIN SIZE IN MILLIMETERS

SYBLBOR I NG SAMPLE SAMPLE INTERVAL LIQUID PLASTIC PLASTICITYI SOIL
N, NO. FEE METERS LIMIT LIMIT- INDEX TYPE

RR-B-3 P-13 60.0-61.7 I 18.3-18.5 SP-SM
RR-B-3 P-18 110.0-1 111.6 1 33.P-34.2 SP

3" i4  3 4" 3 8" 4 1 0 20 4 0 60 100 200

100 t~- - -f, ,~. . .

,6 __ _ _ _ _ __ _

LLJ f

50, 0 10.0 5.0 10 0.50.1 001 .005 .001

GRAIN SIZE IN MILLIMETERS

ISYMBOL' BORING SAMPLE SAMPLE INTERVAL LIQUID PLASTIC PLASTICITY~ SOIL
NO. NO FEET 1 METERS LIMIT I LIMIT I INDEX TYPE

PARTICLE-SIZE ANALYSES
BORING RR-8-3

REVEILLE-RAILROAD CDP. NEVADA

MX SITING INVES11GATION fGR

DEPARIMENT OF THE AIR FORCE - SAMSO 1 0 -2

_____ _____ _____ _____ ___ RD HATirm NAL. INC.
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( GRAVEL ISAND SITORCA
COARSE F INE COARSEI MED IUM FINE SL RCA

STANDARD SIEVE IPENING US STANDARD SIEVE NUMBER HYDROMETER

I-O

400

GRAIN SIZE IN MILLIMETERS
BORING SAMPLE SAMPLE INTERVAL LIQUID PLASTIC PLASTICITY SOIL

SYMBOL
NOND NO. FEET METERS LIMIT LIMIT INDEX TYPE

I-----RR-B-3AI P-3 7.5-9.1 I 2.3-2.8 I SM

RRB-:3 A P-4 10.0-11.8 3.1-3.6 ML
JRB-A P- B 00-0 15.3-15.5 ML_

1 3i 34 3 8 4 t 0 0 40 60 100 2 00

40.

6- _

20t

GRI IZ NMLLMTR
BOIGSML APEITRA LQI LSI LSIIYSI

50 07609-n. 7 230 .5-2. 0. 1 5P-S0M .

~-~..RR-B-3A( P-12 I126.3-127.2 38.6-38.8 IN-S

PARTICLE-SIZE ANALYSES
BORING RR-B-3A

___________________________________________ DEP R EE ILLFTEAILROD CDP- NEVADA

DEPRTMNT F HE IR ORC -SAMSO 1 0-3
_______________________ NATIONAL, INC.



GRAVEL TSAND SITORCA
COARSE I FINE- COARSEI MEDIUM FINE ___________________

STAN4DARD SIEVE OPENING US STANDARD SIEVE NUMBER hYDROME7ER

3 " 3 4" 0 0 _____0_____0___________20___

co 60 _ _ _

50 0 10.0 5 0 1 0 05 01, .05 .0 0oo .001

GRAIN SIZE IN MILLIMETERS

ISMOIBORING SAMPLE SAMPLE INTERVAL LI1QUID PLASTIC IPLASTICITY~ SOIL]
SYBL NO0 NO. FEET METERS LIIT I LIMIT IINDEX TYPE

RR-8-4 P-4 7.0-8.9 2.1-2.7 S M S.

RR-8-4 P-13 50.0-51.7 15.3-15.8 S M
RR-8-4 P- =0.5-102. 31.0-1.2 ML

3 i 34" 31" 4 0a 20 40 60 100 200

S60 -

-L 20:z:.i.- -

20 IL

GRAIN SIZE IN MILLIMETERS

I YBLIBORING SAMPL SAMPLE INTERVAL ILIQUID IPLASTIC IPLASTICITY SI

SYBL No. NO FEET METERS LIMIT LIMIT INDEX TP

PARTICLE-SIZE ANALYSES
BORING RR-8-4

REVEILLE-RAILROAD CDP, NEVADA

MX SITINC INVESTICATIUN 1F IGUR

DEPARTMENT OF THE AIR FORCE SAMSO 1 0-4
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[ COARSE I FINE COARSEI MEDIU FINE, ___________________

STNADSIEVE OPNN SSTANDARD SIEVE NUBE YDROMETER

3 I" 3 4" 3 4' 4 0 .1 40 50 '00 200

60.- __ _ _

---- ----- - -_ _

50 0 00.05 0 1 o 0 50 .065 .01 . 01050 1

GRAIN SIZE IN MILLIMETERS
BORING SAMPLE SAMPLE INTERVAL LIQUID PLASTIC PLASTICITY SI

SYMBOL NO0 NO. FEET ) METERS LIMIT LIMIT TYPEDE

- RR-0-5 I0-12 I 50.2-50.9 J 15.3-15.5I s l

IU 1V 4" 3 8" 4 10 20 40 60 100 200

,471

uLJ
om 2 ________

0 -

50.0 10.0 5. 0. . . 0 6 0 5. 0

GRAIN SIZE IN MILLIMETERS

ISYMBOL' BORING SAMPLE SAMPLE INTERVAL LIQUID PLASTIC PLASTICITY SI

NO. NO FEET J METERS LIMIT LIMIT TYPEX

PARTICLE-SIZE ANALYSIS
BORING HR-8-5

REVEILLE-RAILROAD COP, NEVADA

MX SITING INVESTIGATION FIGURE

DEPARTMENT OF THE AIR FORCE -SAMSO D -5
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COREGRAVEL FN CASESAND FIESILT OR CLAY

STANDARD SIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER

3 4" 3 A 4 1 0 20 40 60 100 200

00._ _ _

6__

1 C= 05.' .0 0

so -B- 10.0 25 a 1 2 .12. 5SP-05SM05 0

GRAIN SIZE IN MILLIMETERS

SYBL BORING ISAMPLE SAMPLE INTERVAL LIQUID I PLASTIC PLASTICITY SOIL

SYMBOLFEEO.-NI METERS LIMIT LIMI-T INDEX TYPE

RR-B-6~~~BOIN DR465R--.=42.02.26RR-8-6EVILERALRA COP, NEVA26DA8.1-82 -

OEP00EN OF T8E AI IOC D 2AS 0D6060 0

L R AIO A.IC
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GRAVEL SAND SL RCA
STANDARD FINE ICOARSEI MEDIUM I FINE SITDRCA

CTNDR SIEVE OPENING j US STANDARD SIEVE NUMBER HYDROMETER
3 T, 3 1" 3 £ 4 10 2 40 s0 loo 200

'00 -L1

c 0 6 0 -

0=
50 01. I0 050 I .5 0 05.0

GRI4IEI ILMTR

500 0 10. 5 0 20 0 0 00 200 . 1 .05.

GRAIN SIZE IN MILLIMETERS
BORING SAMPLE SAMPLE INTERVAL LIQUID PLASTIC PLASTICITY SOIL

SYMBOL NO. NO . FEET METERS L IM NI T LIMIT IN E j Y~I- BS-8-1 0 -43 75.1-57.8 21.2-2.4 I

3 BS-B- 38i -1 60 0 0 1840 186 0 0

PA0CESZ ANAYSE7:7

GRMRNSITINGIINVESTIGATION

BORINEPGEN OFPL SAHEL ITRALQUD PASIR OCE LAMSIT SOIL

,PRTCL-SZ AAINAL.S
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GRAVEL SAND SIL OR________ CLAY________
COARSE IFINE COARSEI MEDIUM I FINE SL RCA

STANDARD SIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER

0 3' Y*- 3 1' 3 q- 4 0 20 40 60 100 200

GRI IZ NMLLMTR

-B-0 1'. 5 .0 - .1 1 05.- . M5.0 05 00

GRAIN SIZE IN MILLIMETERS
BORING SAMPLE SAMPLE INTERVAL LIQUID PLASTIC PLASTICITY SOIL

SYMBOL NO. NO. FEET METERS LIMI41T LIMIT INDEX TYPE

-IBS-B-2 0 -I6 7 .0-7.5 21-2.1 SP- SM

BS-B-2 0-24 160.0-10.7 48.1-4.3 P-SM

BS-8-2~~BOIN 500-2.7-B-26 _
1 -~~~BI SM3 4"OP8,NE020VADA 002
100UR

71STNGIVSTGTO

DEPATMEN OFTHE IR FRCE SAMS D7
-A f R T D A .I C

9 8NV 097
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S GRAVE L SAND SL RCAI ARE FINE COARSEI MEDIUM I FINE SL RCA

fTNOAXRO SIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER

106.3 4 "! 0 4 0 0 2 00

80 4L

I' _____

0
50 0 10.0 5 01 0 015 0 1 .05 .01 .005 .001

GRAIN SIZE IN MILLIMETERS

BORIG jSAMLE AMPE I~aRAL LQUI PLSTI PLSTIITYSOIL
SYMBL[ NO0 NO. FEET 1 METERS LIMqIT LIMIT INDEX TYPE

BS- -B - S j i l
BSB_3 P_9 30.0-31.2 9.1-9.5 I __

3* 3~ 1" 30C 4 10 20 40 60 100 200

40 -

4U. I

c

CL 20 _

50.0 10.0 5,0 1.0 0.5 0. 05 .01 .005 .001

GRAIN SIZE IN MILLIMETERS

BORING SAMPLE SAMPLE INTERVAL LIQUID PLASTIC PLASTICITY SISMO N .NFETMTRL IMI L IMI INE
F--.-IBS-8-3 0-14 70.2-70.9 f 21.4-21.6

BS-8-3 0-16 90.0-90.7 27.5-217SM

PARTICLE-SIZE ANALYSES
BORING BS-B-3

BIG SMOKY CDP, NEVADA

MIT SITING INVESTIGATION VGR

DEPARTMENT OF THE AIR FORCE - SAMSO 0-9

_________________________ONO__ N * ATIONAL, INC..1 9 NOY 1979
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GRAVEL SAND SL RCA
COARSE I FINE COARSE MEDIUM FINE SL RCA

STANDARD SIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER

34 3A- 4 10 20 40 60 100 200

100 -

IL

I.-

0 01. . 0 0 05.0

0 5- 10 5 .0-35.6 1-0 . SP-6S0M00 .0

GRI IZ NML-MTR

1 00 ____

LA-
4- 0 -

_________

~00 10 5010 0 01 5 .0 .00 .00
GRI9IZANMLLMTR

SYMBO BOIGSML+APEITRA IUD PATCIPATCT~SI

GRAIARTIZLE-SIZELANALTSES

BORING BS-B-5
BIG SIOXY COP,NEVADA

MX SITING INVESTIGA I ON F IGURE

DEPARTMENT OF THE AIR FORCE - SAMSO D-10
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GRAVE L )SAND SL RCA[CARE FINE COARSEI MEDIUM I FINE IITORCA

ST ANDA RD SIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER

100 .-

W I
C-2_

20

50a. 0 5010 .00 .001
GRAIN SIZE IN MILLIMETERS

ISMOBORING ISAMPLE SAMPLE INTERVAL LIQUID PLASTIC PLASTICITY SOIL
SYBL NO NO. FEET METERS LIMI T I LIMIT INDEX TYPE

I.- 8-8-6 P-1 0. 7-1.4 0.2-0.4 ISM
8S-B-6 0-8 25.7-28.4 7.8-8.1 ISuZIZ4 SIIM

70 0 77_ _ _ _I7
BI

MILIEER .0

BORING SAMPLES AL IE INTERVALLI DLSTC PLSICTRSI

SYMBOL N . N0 FEET METERS LIMIT LIMIT INDEX TY PEI
BS..I8-8-6 D -9 I 30 2-30.9 9.2-9.4 SP-S

BS-B-6 0-19 120.4-120.9 36.7-36.9 SP-SM

PARTICLE-SIZE ANALYSES

BORING BS-8-6

FOEPARTENT OHIR FORCE - AMSOJ

9 NOV 1979
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FUGRO TEST PROCEDURE NO. 200

PROCEDURE FOR MOISTURE-DENSITY DETERMINATION

Scope

This procedure covers laboratory determination of the wet den-

sity, moisture content, and dry density of soils.

Equipment

1. A thermostatically controlled oven capable of being heated

continuously at 230 +90 F (110 +50 C);

2. Balances sensitive to 0.025 gram for samples weighing

100 grams or less, to 0.2 gram for samples weighing 100

to 100 grams, and to 2 grams for samples weighing over

1000 grams;

3. Containers which are corrosion-resistant and not subject to

change in weight or disintegration on repeated heating; and

4. Scales capable of reading to 0.01 inch (0.25 mm) and a

spa tul a.

Procedure

1. Trim samples carefully as they arrive in the laboratory,

usually in metal tubes or rings, and determine their dimen-

sions to the nearest hundredth of an inch so that their

volumes may be computed. The samples shall then be weighed

with the containers. The containers' weight shall be

determined separately.

2. Perform moisture content test on a representative portion

of the samples as detailed in Section 5 of ASTM Standard

D 2216-71 for "Laboratory Determination of Moisture Content

of Soil," as modified by the following.

.T 111111 NATIU NAL. INC.
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Containers used need not have lids, but weighing of samples

Ashall be performed immediately after extrusion from original

container and after removal from oven.

Calculations

The wet density, moisture content, and dry density shall be cal-

culated per the following formulas:

1. Wet Density = Wet Weight of Soil
Volume of Soil

Total Wet Weight - Weight of Container
Volume of Soil

2. Moisture Content (w) = Weight of Moisture

Weight of Oven-dry Soil X 100

w=W1 - W12  I0
W W2 - Wcx 100

where:

I w = moisture content in percent

I W1 = weight of container and moist soil

2 = weight of container and dry soil

Wc = weight of container
. Dr D Wet Density

3. Dry Density + Moisture Content

I
ASTM D 221-71 test procedure and typical test data sheet are

presented in Figures D-12 and P-13.

T O
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Standard Method of
LABORATORY DETERMINATION OF MOiSTUREf CONTENT OF SOIL'
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PR ECT NO.: 1 - o- TEST PROCEDURE NO. 200 e by ate: -

PROJECT N . 79 -?;o -17 MOISTURE-DENSITY SHEET Te.spted b- + _E t: "
PRACT: Conle by00~e
BORING NUMBER: Z-" Checked b:al e:

,_,_____n'- ____,B /__"_________ ! 7 /uBi - -_ T I J L
A1'01 e , F!~ -' 7 C L~L. J , ~L!i ~ i 7
105 e con!?t I B) P7 n, S /3 r

SDensi PC C Y 2 ....... .. 9'
Wnd PatSP 'fc

_ _ _ _ _ _ _ _i_ _ _
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11h-el t Tub Rigs Ili.2.to 7 1 ///fn3, 7 t

to. 0~~ ------ - ---- -7 -_ __ _ - -

tf , . . .

15 6 L 0 -.

lA ,. t, l, o f Ring l .' . (,"7 . , q

------------------------------------------------------------------ -, 7: ----------------.-
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Trp C ea n e Rar~ l hoC __a ___-- _- - I.. .' ; - - __.. .__..... . .. ... _ .. .. .. .. .. .

TYPICAL TEST DATA SHEET
MOISTURE-DENSITY TESTS
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FUGRO TEST PROCEDURE NO. 190

PARTICLE-SIZE ANALYSIS

I Scope

This procedure covers laboratory quantitative determination of

the distribution of particle sizes in soils.

Procedure

Particle-size analysis of soils shall be performed according to

the following ASTM Standards as modified by this test procedure:

A. ASTM Standard D 421-58 for "Dry Preparation of Soil Samples

for Particle-Size Analysis and Determination of Soil Con-

stants," and

B. ASTM Standard D 422-673 for "Particle-Size Analysis of

Soils."

Modifications:

A. Samples shall be preparcd per the particle-size analysis

sample requirements of ASTM Standard D 421-58. A porcelain

pestle shall be used in lieu of a rubber-covered pestle in

I preparing samples.

B. Sieve analyses shall be performed using the following set of

sieves:

Inch Number Size

3 4 4.750 mm
2 10 2.000 mn
1-1/2 20 0.850 mm

3/4 40 0.420 rn

3/8 60 0.250 mm
10() 0.I '0 Tim

and 200 0.075 mm

ONO NATIONAL, INC.
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C A balance sensitive to 0.25 g shall be used for weighing

material passing the No. 10 sieve.

i ASTM D 421-58 and D 422-673 test procedures and typical test

data sheet are presented in Figures D-14 through D-lA.

I
I

I

I
I
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0rioa n 0421 - 58 (Roappronad 1972) orsoanraronrorr

VI.f-S~wi
Standard Method for
DRY PREPARATION OF SOIL SAMPLES FOR
PARTICLE-SIZE ANALYSIS AND DETERMINATION

OF SOIL CONSTANTS'

lair 'aonio 'a an cr1f.

5. Soope to 11l g of sandy soils and 65 g of nisbor silt
II This etohod covers she dry yrepmraiion or cloy soil.

of soi samylos as ,c.iod from lhr fiold for 3.1-2 Ties for Soil Coscns-For hr
y~arl-si.o anaysis and sho dol .ros.nalion of toes for so ..il orns oriol" passi.g tho
dir soI consar. No. 40 1420.oes siono Is noiscired is totl

Ismount of 22 0 g. allocated as followis
2. App..s., T-a 0..

2 I 8il1-c-A balance sonslin so 0,~8 IS Li-in5 i7io
2 ortar-A iinsansd rcbbrricored Pao~o

rstir suitoble for broakiog op she sggrngo- oInwi-oss
8

.1
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0. Saspling alooa yassing lbs No I1'2 00-esmo I.-
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2

5-o
thr hold to rhe sin as room temperaturelnil .) siore Discard thr fra..sion neran.d on tho
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Standard Method for

PARTICLE-SIZE ANALYSIS OF SOILS'
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hsdro Piet ers 15ill or 15 211 in .-S1T NI Spec ifi. craijied water. ,t the rate oif 401 g of soditum
cation E 100. for ASrFM llsdrometers." Di- hexamietaiphosphaitelitre of soltioitn (.Note -v

mensions of both h~ dromecters are the same, Noij- :-Soduttirss of tfiis silt, if aii. ''lIthe scale being the onki item of difference. re~ert (ir h~drok/s beack to the orthtpphosrlite
2.4 Sedimn iation Cvhnider-A glass cyl- form with a resultant decrease in dispersise .:'o

Solutions should he prepared frequentl% tat icasiinder essentially 18 in. (457 mm) in height once a month) or adjusted to pit of 8 or 9 b%
and 2. 2 in. (63.5 mm I in diameter, and means of sodium carbonate. Bottles cont~oiifl s0-Imarked for a volume of 1000 ml. The inside lutions should have the date of preparation marked
diameter shall he such that the 1000-mI mark on them.

is 36 i: 2 cm from the bottom on the inside. 3.2 All water used shall be either distilled
2.5 T/terrnieter-A thermometer accu- or deminerali/ed water. The water for a %

rate to I F (0l.5 C). drometer test shall be brought to the tempera-
2.6 Sieves-A series of sieves, of square- ture that is expected to prevail during the

mesh woven-wire cloth, conforming to the hydrometer test. For example. if the sedimen-
requirements of ASTMI Specification E 11. tation cylinder is to be placed in the "ater
for Wire-Cloth Sieves for Testing Purposes.' bath, the distilled or deminerali/ed water to
A full set of sieves includes the followine be used shall be brought to the temperature of
(Note 6): the controlled water bath: or. if the edinnen-

Y-in. (7i-minI No. 10 (2 00-minI tation cylinder is used in a room Aith con-
2-in. 150-ini) No. 20 (8SO-prml trolled temperature, the water for the test
11/2-ii. 137.5-inI No. 40 (425-m) hl ea h epraueo h om h
t-in (25 0-nim) No. 60 (

2 5
O-uml hl ea h epraueo h om h

,-in. (IS 0-nmn No. 14( 0t6-prmi basic temperature for the h~dromneter test is
-in. 9.5-nm) No. 200 l75-iml 68 F (20 Cl. Small s ariations of tempcr:ature

No 4 14.
7 5-innil do not introduce differences that are of pric-

NoTF 6-A -set of sieveN giving uniform spacing tical significance and do not prevent the use
of points for the graph. as required in Section 16. of corrections derisecd as prescribed.
mas he used I f desired. Trhis set consists of the fol-
lowing sieves:

3-mn. C3S-mnil No. 16 0. M5minI 4. Test Sample
I I-n (3'~in No 30 (500-pim 4.1 Prepare the test sample for mechanical
'.-in 119.0-min) No. 50 1

30 0
-Miin

1,-mn. i( 5-niml No 100 liSO-smin analysis as outlined in ASTM Method D 4-'1.
No 4 (4 5-nirm) No. 200 175-,m) Dry Preparation of Soil Samples for Partice-
No S (2 36-mim) Size Analisis and Determination of Soil Con-

2.7 Water Both or Constant-Tempr'rature stunts.' During the preparation procedure theIRoom-A water bath or constant -te mpera- sample is divided into two portions. One por-
tore room for maintaining the soil suspension tion contains onl% particles retained on the
at a constant temperature during the h~drom- No. 10 (2.00-nmml sieve while the other por-
eter analssis. A satisfactory water tank is an tion contains onl% particles passing the No. 10
insulated tank that maintains the temperature sieve. The mass of air-dried soil'selected for
of the suspension at a convenient constant purpose of tests, as prescribed in Mlethod D
temperature at or near 6S F (20 C). Such a 421. shall be sufficient to -i~ quantities for
device is illustrated in Fie. 4. In cases %%here mechanical analyNsis as follows:
the work is performed in at room a, - n auto- 4.1.1 The size of the portion retained (in
matically controlled constant tempt-iture. the the No. 10 sieve shall depend on the max-
water bath is not necessary. imum size of particle, according to the fol-

2.8 Beaker-A beaker of 250-mi1 eapacitN. lowingz schedule:
2.9 Timing Desice-A watch or clock with Niiminal i ntmer of

a second hand. tarpesi Pairtictes. Appi~niie Mfinimum
in (nunl SI M i fu Portion. I?

3. Dispersing Agent of5 SoiWi eaet-55

phosphate (sometimes called sodium imetam- "Annual Book o(ASTMf Standards. Part 41
phosphate) shall be used in distilled or denimi- 'Anuial Wm i ASTI Smondarda, Part i9
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J Nommal D, mcicr .,f equal closely the original mass of the quantity
t rge s, Particles. Approsrinmie Minimum sieved.

,n ( in., Mas of Portion. g
i (254) 2000 HYDROMETER AND SIEVE ANALYSIS

3 1) 300 OF PORTION PASSING TIlE NO.2 (50K) 400o 10 (2.00-mm) SIEVE3 (76 2) 5000

4.1.2 The size of the portion passing the 6. Determination of Composite Correction for
No. 10 sieve shall be approximately 115 g for Hydrometer ReadingIg
sand, soils and approximately 65 g for silt 6.1 Equations for percentages of soil re-
and clay soils. maining in suspension. as given in 13.3, are

4.2 Provision is made in Section 4 of based on the use of distilled or demineralized
Method D 421 for the weighing of the air-dry water. A dispersing agent is used in the water,
sol selected for purpose of tests, the separa- however. and the specific gravity of the re-
tion of the soil on the No. 10 sieve by dry- suiting liquid is appreciably greater than that
sieving and ,ashing, and the weighing of the of distilled or demineralized water.
washed and dried fraction retained on the No. 6.1.1 Both soil hdrometers are calibrated
10 sieve. From these two masses the percent- at 68 F (20 C), and variations in temperature
ages retained and passing the No. 10 sieve can from this standard temperature produce inac-
be calculated in accordance with I1.1. curacies in the actual hyv~rometer readings.

NoiF 8-A check on the mass values and the The amount of the inaccuracy increases as the
thoroughness of pulveri/ation of the clods may be variation from the standard temperature in-
secured by ,eighing the portion passing the No. t0
siee and adding this value to the mass of the creases.
'washed and osen-dried portion retained on the No. 6.1.2 Hydrometers are graduated by the
10 slese. manufacturer to be read at the bottom of the

SIEVE ANALYSIS OF PORTION meniscus formed by the liquid on the stem.
RETAINED ON NO. 10 t2.00-mm SIEVE Since it is not possible to secure readings of

soil suspensions at the bottom of the menis-
S. Procedure cus, readings must be taken at the top and a

5.1 Separate the portion retained on the correction applied.
No. 10 (2.00-nm) sieve into a series of frac- 6.1.3 The net amount of the corrections for
,i in' using the 3-in. (75-mam), 2-in. (50-mini. the three items enumerated is designated as

:-". (37.5-mm), I-in. (25.0-mam), 3i-in- the composite correction, and may be deter-
,- 1-mn), 'i-in. (9.5-ini). No. 4 (4.75-mnn), mined experimentally.
a . No. 10 sieves, or as many as may be 6.2 For convemence, a graph or table of
needed depending on the sample, or upon composite corrections for a series of [-deg
the specifications for the material under test temperature differences for the range of ex-

5.2 Conduct the sieving operation bh pected test temperatures may he prepared and
means of a lateral and vertical motion of the used as needed. Measurement of the com-
sieve, accompanied h a jarring action in posite corrections may be made at two tem-
order to keep the sample moving continuously peratures spanning the range of expected test
over the surface of the sieve. In no case turn temperatures, and corrections for the interme-
or manipulate fragments in the sample diate temperatures calculated assuming a
through the sieve by hand. Continue sieving straight-line relationship between the two ob-
until not more than I mass percent of the res- served values.
idue on a sieve passes that sieve during I min 6.3 Prepare 1000 ml of liquid composed of
of sieving. When mechanical sieving is used, distilled or demineralized water and dis-
test the thoroughness of sieving by using the persing agent in the same proportion as will
hand method of sieving as described above. prevail in the sedimentation (hydrometer)

5.3 Determine the mass of each fraction on test. Place the liquid in a sedimentation cyl-
a balance conforting to the requirements of irder and the cylinder in the constant-tem-
2 I .At the end of %,cihing, the sum of the perature water bath, set for one of the two
masses retained on all the sieves used should temperatures to he sed. When the tempera-
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ture of the liquid hecomes constant. insert the kPa) pressure (Note 10). Transfer the soil-
h.drometer, and, after a short interval to Water slurr, from the beaker to the air-jet
permit the h.drometer to come to the temper- dispersion cup b% washing with distilled or
ature of the liquid, read the hsdrometer at the deminerali/ed water. Add distilled or detin-
top of the meniscus formed on the stem. For eralized water, if necessary, so that the total
hydrometer 15111 the composite correction is volume in the cup is 250 ml, but no more.
the difference between this reading and one: Noi tO-The initial air pressure of I pi is re-
for hydrometer 15211 it is the difference be- quired to prevent the soil - water mnixture from en-
tveen the reading and zero. Bring the liquid tering the air-Jet chainher when the mixture is

transferred to the dipersion cupand the hydrometer to the other temperature
to be used, and secure the composite correc- 8.5 Place the cover cap on the cup and
tion as before, open the air control valhe until the gage pres-

sure is 20 psi (140 kPaI. Disperse the soil
7. tl,,groscopic Moisture according to the following schedule:

7.1 When the sample is weighed for the Di..pcrsii Period.
h.dromctcr test, weigh out an auxiliary por- Plaslicit. Inden min

tion of from 10 to 15 g in a small metal or Under 5 56to 20 t0
glass container, dry the sample to a constant O er 20 10

mas, in an oven at 230 :t 9 F (110 5 C),
and weigh again. Record the masses. Soils containing large percentages of mica

need be dispersed for onl. I min. After the
8. Dispersion of Soil Sample dispersion period, reduce the gage pressure to

8.1 WVhen the soil is mostly of the clay and I psi preparatory to transfer of soil - water
silt sizes, weigh out a sample of air-dry soil of slurry to the sedimentation cylinder.
approximatelh 50 g. When the soil is mostlh 9. tl.ydrometer Test
sand the sample should be approximately 100 9.1 Immediatel after dispersion. transfer

the soil - water slurry to the elass sedinienta-
8.2 Place the sample in the 250-oil beaker tion c"linder, and add distilled or derineral-

and cover with 125 ml of sodium hexameta- ied water until the total olume is lOGO nl.
phosphate solution (40 g/litre). Stir until the 9.2 UIin the
soil is thoroughl% wetted. Allow to soak for at
least 16 h. open end of the cylinder (or a rubber stopper

8.3 At the end of the soaking period, dis- in the open end), turn the cylinder upside
p .3rAe the ample futhe. sin eherid d- down and back for a period of I nin to com-perse the sample furtheri using either stirring plete the agitation of the slurry (Note I I ). At

apparatus A or B. If stirring :apparatus A is the end of I nin set the clinder in a consen-used, transfer the soil - water slurr. from the flloin nterome easrebeaker into the special dispersion cup shown ient location and take hydrometer readings at
bekrit h pcaldseso u hw the follow~ing intervals' of time (meas'ured
in Fig. 2, washing any residue from the from the beginning of sedimentation), or as
beaker into the cup with distilled or derniner-
lized water (Note 9)..dd distilled or demain- many as may be needed, depending on theealied water, Note 9).ssar.dsothatltled o p i sample or the specification for the materialeralied water, if necessary, so that the cup is under test: 2. 5, 15, 30. 60, 250. and 1440

more than half full. Stir for a period of I min. min. If the controlled water bath is used, the
NOTr 9-A large niie s.ringc is a convenient sedimentation cylinder should be placed in the

device for handling the water in the washing opera-
tion. Other devices include the wash-water bottle bath between the 2- and 5-min readings.
and a hose with no,,/le connected to a pressuried Norr I I-The number of turns during this
distilled water tank. minute should be approxinately 60. counting the

8.4 If stirring apparatus B (Fig. 3) is used. turn upside down and back as two turns Ann soil
remaining in the bottom of the c.linder during the

remove the cover cap and connect the cup to First few turns should be loosened b\ %lworous
a compressed air supply by means of a rubber shaking of the cylinder while it is in the inverted
hose. An air gage must be on the line between position.
the cup and the control valve. Open the con- 9.3 When it is desired to take at h'drometer
trol valve so that the gage indicates I psi (7 reading, carefully insert the hydrometer about
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20 to 25 s before the reading is due to approx- 12. Hygroscopic Moisture Correction Factor
imately the depth it will have when the 12.1 The hygroscopic moisture correction
reading is taken. As soon as the reading is factor is the ratio between the mass of thetaken, carefully remove the hydrometer and oven-dried sample and the air-dry mass before

place it %ith a spinning motion in a graduate drying. It is a number less than one. except
of clean distilled or demineralized water, when there is no h.groscopic moisture.

NovE 12-It is important to remove the hydrom-
eter immediately after each reading. Readings shall 13. Percentages of Soil in Suspension
he taken at the top of the meniscus formed by the
suspension around the stem. since it is not possible 13.1 Calculate the oven-dry mass of soil
to secure readings at the bottom of the meniscus. used in the hdrometer analysis by multi-

9.4 After each reading, take the tempera- plying the air-dry mass by the hygroscopic
ture of the suspension by inserting the ther- moisture correction factor.
mometer into the suspension. 13.2 Calculate the mass of a total sample

represented by the mass of soil used in the
10. Sieve nal.,sis hydrometer test, by dividing the oven-dry

10.1 After taking the final hydrometer mass used by the percentage passing the No.
reading, transfer the suspension to a No. 200 10 (2.00-mm) sieve, and multiplying the result
( 75-Mm) sieve and %kash ssith tap water until by 100. This value is the weight W in the
the wash water is clear. Transfer the material equation for percentage remaining in suspen-
on the No. 200 sieve to a suitable container. sion.
dry in an oven at 230 ± 9 F (110 : 5 C) and 13.3 The percentage of soil remaining in
make a sieve analysis of the portion retained, suspension at the level at which the hydrom-
using as man, sieves as desired, or required eter is measuring the density of the F spension
for the material, or upon the specification of may be calculated as follows (Note 13):
the material under test. For hydrometer 151 It:

CALCULATIONS ANI) REPORT P - ((tO.fXtO/ W) x GI(G - G)] (R -

Not I 13-The bracketed portion of the equation
I. Sieve Analisis Values for the Portion for h.drometer 15111 is constant for a series of

e eadings ansd mav be calzulated tist and then muti-Coarser than the No. 10 (2.-m) plied by the portion in the parenthesis.
11.1 Calculate the percentage passing the For hydrometer 15211:

No. 10 sieve b., dividing the mass passing the
No. 10 sieve b) the mass of soil originally P - (Ra/W) 100
split on the No. 10 sieve, and multiplying the where:
result b 100. To obtain the mass passing the a correction faction to be applied to the
No. 10 sie e. subtract the mass retained on reading of hydrometer 152Ft. (Values
the No. 10 siese front the original mass. shown on the scale are computed using

11.2 To secure the total mass of soil a specific gravity of 2.65. Correction
passing the No. 4 (4.75-intt) sieve, add to the factors are given in Table I),
Mass of the material passing the No. 10 sieve P = percentage of soil remaining in suspen-

the mass of the fraction passing the No. 4 sion at the level at which the hsdrom-
siese and retained on the No. 10 sieve. To eter measures the density of the sus-
secure the total mass of soil passing the '4-in. pension.
(9.5-mm) sieve, add to the total mass of soil R - hydrometer reading with composite
passing the No. 4 sieve, the mass of the frac- correction applied (Section 6).
tion passing the 'i-in. siese and retained on W = oven-dry mass of soil in a total test
the No. 4 sieve. For the remaining sieves, sample represented by mass of soil dis-
continue the calculations in the same manner. persed (see 13.2), g,

11.3 To determine the total percentage G = specific gravity of the soil particles.
passing for each sieve, divide the total mass and
passing (see 11.2) b) the total mass of sample G, = specific gravity of the liquid in which

aind multipl% the result b 100. soil particles are suspended. Use nu-
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merical value of one in both instances gravity of the soil particles. Values of A
in the equation. In the first instance for a range of temperatures and spcific
any possible .ariation produces no sig- gravities are given in 'Fable 3. The ,alue
nificant effect, and in the second in- of K does not change for a series of
stance, the composite correction for R readings constituting a test., while values
is based on a value of one for G. of L and Tdo vary.

14.3 Values of D may be computed with suf-
Diameter of Soil Particles ficient accuracy, using an ordinary 10-in. slide

14.1 The diameter of a particle corres- rule.

ponding to the percentage indicated by a NOrF IS-The aluc of L is disided b,. T using

given hsdrometer reading shall be calculated the A- and B-scales. the square root being indicated
on the D-scale. Without ascertaining the %alue ofaccording to Stokes' la%% (Note 14). on the the square root it mas be multiplied h' A. using

basis that a particle of this diameter was at either the C- or Cl-scale.
the surface of the suspension at the beginning
of sedimentation and had settled to the level 15. Siese Analysis Values for Portion Finer
at which the hydrometer is measuring the than No. 10 2.00-mm I Siese
density of the suspension. According to 15.1 Calculation of percentages passing the
Stokes' law: various sieves used in sieving the portion of

D = vi130n,/980(G - G,)) x LIT the sample from the hydrometer test insolves

where: several steps. The first step is !o calculate the

D = diameter of particle, mm, mass of the fraction that would have been

n = coefficient of viscosity of the suspend- retained on the No. 10 sieve had it not been

ing medium (in this case water) in removed. This mass is equal to the total per-
poises (varies with changes in tempera- centage retained on the No. 10 sieve (100

ture of the suspending medium), minus total percentage passing) times the

L = distance from the surface of the sus- mass of the total sample represented by the

pension to the level at which the density mass of soil used (as calculated in 13.2), and

of the suspension is being measured, the result divided by 100.

cm. (For a given hydrometer and sedi- 15.2 Calculate next the total mass passing
mentation cvlinder, values vary accord- the No. 200 sieve. Add together the fractional
ing to the hydrometer readings. This masses retained on all the sieves, including the

distance is known as effective depth No. 10 sieve. and subtract this sum from the

(Table 2), mass of the total sample (as calculated in
T = interval of time from beginning of sedi- 13.2).

mentation to the taking of the reading. 15.3 Calculate next the total masses
min, passing each of the other sieves, in a manner

G = specific gravity of soil particles, and similar to that given in 11.2.
GI = specific gravity (relative density) of 15.4 Calculate last the total percentages

suspending medium (value may be passing by dividing the total mass passing (as
used as 1.000 for all practical purposes). calculated in 15.3) by the total mass of

NOTIF 14-Since Stokes' la% considers the terminal sample (as calculated in 13.2), and multiply
velocity of a single sphere falling in an infinity of the result by 100.
liquid, the si/es calculated represent the diameter of
spheres that vould fall at the same rate as the soil 16. Graph
particles.

14.2 For convenience in calculations the 16.1 When the hydrometer a'al.sis is per-above equation may be %kritten as follow s: formed, a graph of the test results shall be
made, plotting the diameters of the particles

D = K" ,L/T on a logarithmic scale as the abscissa and the

where: percentages smaller than the corresponding
K constant depending on the temperature diameters to an arithmetic scale as the ordi-

of the suspension and the specif c nate. When the hydrometer aialysis is noti
1STANDARD MEHDFOR
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9EPARTYENT Of 197 AIR FOPCE - SASO D .15
16 or 11
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!

made on a portion of the soil, the preparation (I) Gravel, passing 3-in. and re- . percent

since values may be tained on No. 4 sieve
of the graph is optional. (2) Sand. passing No. 4 sieve and ...... percent
secured directly from tabulated data. retained on No. 200 sieve

(a) Coarse sand, passing No. 4
17. Report sieve and retained on ..... percent

No. 10 sieve
17.1 The report shall include the following: (b) Medium sand. passi g No.
17.1.1 Maximum size of particles, 10 sieve and retained on ...... percent

17.1.2 Percentage passing (or retained on) No.40 sieve
each sieve, which may he tabulated or pre- (c) Fine sand, passing No. 40

sieve and retained on ...... percent
sented by plotting on a graph (Note 161, No. 200 sieve

17.1.3 Description of sand and gravel parti- (3) Silt size. 0.074 to 0.005 mm ...... percent
ies: (41 Clay size. smaller than 0.005

mm ...... percent
17.1.3.1 Shape-rounded or angular. Colloids, smaller than 0.001

17.1.3.2 Hardness-hard and durable, soft, M ...... percent

or weathered and friable, 17.4 For materials for which compliance

17.1.4 Specific gravity, if unusually high or with definite specifications is not indicated and

low. when the soil contains material retained on the

17.1.5 An, difficulty in dispersing the frac- No. 4 sieve sufficient to require a sieve analsis
tion passing the No. 10 (2.00-im) sieve, indi- on that portiin, the results may be reported as

cating any change in tpe and amount of dis- follows (Note 17):
persing agent, and Site A ,.NSIS

17 .1 .6 T h e d is p e rs io n d e v ic e u se d a n d th e S te ve S i eP reig

length of the dispersion period. Sieve Size Percenae

NorF 16- This tabulation of graph represents 3-in...a.sin
the gradation of the sample tested If particles 2-in.......
larger than those contained in the ,ample '.ere I I -in.
remosed before testing. the report shall so state I-in .......

iiving the amount and mxinmuni size. in.

17.2 For materials tested for com pliance N . 7.

with definite specifications. the frictions No 10(2Oil-h1m) ........

called 'or in such specifications shall he re- No. 40 425-m..i.

ported. The fractions snialler than the No, 10 No 2W i 
75 -pil ........

sieve shall he read frorn the graph. Ihmtowii k .N\51 sis
17.3 For materials for which compliance

with definite specifications is not indicated 0074mm ........

and when the soil is composed almost entirely O.Wi 5111 ........

of particles passing the No, 4 (4.
7 5-tn) NOF 7-No. S 12.36-mm) and No. 50 (3. -

sieve. the results read from the graph may be n) siees may he substituted for No. 10 and Ni).

reported as follows: 40 sieves.

I

K1.J 9STANDARD METHOD FOR
"J PARTICLE-SIZE ANALYSIS OF SOILS

I MX SITING INVESTIGATION FIGURE

?IPAP VN 1 OF THE AIR FORCE - SAYSO 0 -15
17 OF It-
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TABLE I Values of Correction Factor. a. for Different Table 2 i,nued
Specific Gravities of Soil Particles4 11 dinetic I.ll 11r,,icicr I '2|1

Specific (ra'ait) Correction l-aIlora'_
"Actual Aclual

2,95 0.94 Actual 1 I lle - effec- [I,- I flc.
2.90 095 Ilydrom- Depth. drom. I1c drom- I.,e
2.85 0.96 clf L. cm eter Depth. cler Depth.
2 80 0.97 Reading Read- L. cm Read. L. cm
2.75 0.98 mg ing
2.70 0.99
2 65 1.00

60 0 031 8.1261 I01

2.55 1.02 1.032 7.8

2.50 1.03 1.033 76

2.45 1.05 1034 7.3
I 035 7.0

For use in equation for pcrcentage of soil remaining in 1.036 6.8

suspension hen using Hydrometer 15211, 1037 6.5
1,038 6.2

TABLE 2 Values of Effective Depth Based on ly- Values of effectirve depth are calculated from thc cqua-
dromeler and Sedimentation Cilinder of Specified Sizes- tion"

Hydrometer 1511 Vidrornler 152H L = L,- [ L., ' .41

Actual Actual -herc
Actual Is- Effec- Il.- Effec- L effec:,oe depth. cm.tldrom- ffectiv dr i rom- tire l- distan ce alone the qem of the hsdorrtctcr from

eter Dp eter Depth. eter Depth. the top of the bulb to the mark for a h~diometcr
Reading L. cm Read- L. cm Read- L. cm icadiig. cm.

ing Ig- L, overall length of the h.dtomcter bulb. cm.

I0o0 16.3 0 16.3 31 11L2 Vio volume of hu.drometer bulb. c
m
'
. 

and
1 001 160 I 16.1 32 II I A - cross-sectional arca of sedimentation %:Ohnder. m'
1.002 15.8 2 16.0 33 109 Values used in calculating the %alues in I able 2 asre a fol.
1103 15.5 3 15 8 34 10.7 lo~s
I (X)4 15.2 4 15 6 35 10,6 For both h~dronieters. 15111 and 15211
1005 5.0 5 15.5 L, 14 0cm

h'l 6 .0 cm'

1.006 14.7 6 153 36 10,4 A 27.S cm'
1 007 144 7 152 37 10.2 For hidrometer 151H

I( W8 14.2 8 150 38 10 1 L 10 5 cm for a reading of I 0(X)
I (9 139 9 14 8 39 9.9 2 3 cm for a reading of 1 031
1.010 13.7 10 14.7 40 9.7 lor hidrometer 15211:

Itl 5m fo a reading oilO ltre
1.011 134 II 14.5 41 96 23 cm fir a radm o f s1) ' ire
1012 131 12 14.3 42 94
1.0;3 12.9 13 142 43 9.2
1014 126 14 140 44 9 1
1015 12.3 15 13 8 45 8.9

1.016 12.1 16 13.7 46 8.8
1017 118 17 13.5 47 86
1018 11.5 18 13.3 48 8.4
1.019 11.3 19 112 49 8.3
1 020 110 20 13.0 50 8.1

1021 10.7 21 129 51 7.9
022 I0 5 22 12 7 52 78

1 023 10 2 23 12 5 53 7.6
1 024 I0 0 24 12 4 54 7 4

1025 97 25 122 55 7 3

I026 94 26 12( 56 7.1
1027 9 2 27 1 9 57 7.0
1 028 8 Q 28 11 7 518 68
1021) .4 6 29 11.5 59 66
1030(n 8 4 30 ,114 61 65

STANDARD METHOD FOR
PARTICLE-SIZE ANALYSIS OF SOILS

MX SING INVESTIGATION ,IGUN

DEPARTYENI OF THE AIR FORCE - SAWSO 0-15

4 9 NOV 1979
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TABLE 3 Values of K for IV in Equation for Computing Diameter of Parlicle in fl.drometer AnaJyks

Tempcrature. spwrc Gra'a. ot Sol Pirb.IlCs2 245 2 50 2.55 260 2 65 2.70 2.75 2 80 8i5

16 001510 00150i 001481 001457 0.01435 001414 001194 001374 001356
17 001511 001486 001462 001439 001417 001396 001376 001356 001113
is 001492 001467 001443 001421 0.01399 0.01378 001359 001339 001'21
19 001474 001449 001425 0.01403 0.01392 0.01361 001342 001323 001305
20 001456 001431 001408 001386 0.01365 0.01344 001325 001307 00129

21 001438 001414 0.01391 0.01369 0.1348 001328 001309 0.01291 001273
22 001421 001397 0.01374 0.01353 0.01332 001312 001294 0.01276 0 01259

23 0,01404 01)1381 0.01358 0 01337 0.01317 0.01297 0.01279 001261 001243
24 13013S8 0.01365 001342 001321 0.01301 001282 001264 001246 001229
25 001372 001349 001327 001306 0.01286 0.01267 0.01249 0.01232 001215

26 001357 0.01334 0,01312 0.01291 0.01272 0.01253 0.01235 0.01218 0.01211
27 001342 0.01319 001297 0.01277 001258 0.01239 0.01221 0.01204 0.0118)
28 001327 0.01304 0,0:283 0.01264 0.01244 001225 0.01208 001191 0.01175
29 0.01312 001290 0.01269 0.01249 0.01230 001212 0.01195 0.01178 0011,2
30 0.01298 0.01276 001256 0.01236 0.01217 0.0199 0.01132 0.01165 0.01)49

3/ No.18 8W Go 0.049'

Chrome Plated

0
"Y -/Punch

0.203' ±0-001"

I (a) (b)
M~etric" Equiv alent%

in 01W11 0049 0203
mm 001 124 5.16 127 190

FIG. I Detail of.tlrrin Paddles.i

I_
STANDARD METHOD FOR

PARTICLE-SIZE ANALYSIS OF SOILS

~ MX SIIING INVESTIGAtION fGuit

fEPAPIVENT OF THE AIR FORCE - SAMSO 9 OF I!

L 6 NOV 1979 
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Permanent Pemovable
Baffle IBaffle I
Rods \ Pods5

Baffle \\ B
Location

Plan
600 J~

ong

Short 0 asBs~

NMetric Fquitalents

in. 1.3 2 6 3
mm 33 66 9.

FIG. 2 D~ispersion ('up,% of Apparatus A.

A~r5T

C O

( (rA

F.

F1 G. 3 Air-Jet Di~perston Cups of Apparatus B.

STANDARD METHOD FOR
PARTICLE-SIZE ANALYSIS OF SOILS

MX SITING INVESTIGATION FIGURE

DEPARTMENT OF THE AIR FORCE -SAMSO D-15I ' NOV 197 -,~cq -LT 9311 A ,U a
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Hi -----------

fr3-'------------------ 37-- ----------

Go4vmnzed S~e~,i4v,
0 /.L - -_

,n. 1 1 6 , 14 37
nim 22.Z 25 4 762 8 2 3 56 940

FIG. 4 Insulated Waoter Both.

STANDARD METHOD FOR
PARTICLE-SIZE ANALYSIS OF SOILS

MX SITING INVES11GAIION FIGUREL

OEPARTMENT OF THE AIR FORiCE - SAMSO D-15
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PARTICLE-SIZE ANALYSIS OF SOILS SH F

P RI O E C T " P A C I E C T N O -7 -

CLIENT _ CLIENT PROJECT NO

BORING KS. SAWPLE LOCATION 7- ; - - ", TESTED BY DATE "

SAMPLE NO. ,"_ _-_
"

_
"  

COMPUTED BY ._._ ' -- ,.- DATE "

SAMPLE DEPTH ELEV. - __ CHErKED By -a4ii DAII

BEFCRI SIEVE ANALYSIS AFTER NET SIEVE

IT OF 'R SOIL . CNTOJNH O' - ' - AT Of DRY SOIL C OCNTAINER £

WTE OF CONTAINER NO 2 11. Cl CONAIERNO _

VT OFR Y SOIL _______ 
"

Y O R S OIL RETAINED i6 '

ON 470C StEVE

SIEVE SET NO

U TCTAL RETAINED ,k IAM SIEE If ll I C r. M.uLAIIV[ UAT. CT ULI D!Vl i I C, DRY SOIL
DAY SOIL * OT OF CONTAINER PANINN

I CCiTAINER DRY SOIL RETAINED

3" 0

___ -I-- /I -, - -- I. __-___

A ____ ____ _______ ___

"13 * - -. -.- ___ ____ _______-00

PEI-ZO - NA Y ISOS I

-ra a 
oi 1I V-TV &-ODA

?V4PICAL TEST DATA SHEET
PARTICLE-SIZE ANALYSIS OF SOIL

VAX SIIING IN iSISTI, AIICN FI IGiURE

f~' AI14~T O CE I Al DI P F 'C f SAYVSC D1
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El.0 METHODOLOGY

The volumetric heat capacity of a soil-water system can be cal-

culated if the specific heat and amounts of each soil and water

constituent are known. Since the specific heat of water is

known, the procedure to determine the specific heat of soil is

I presented in this appendix.

The methodology utilized to determine the specific heat of soil

constituents is similar to that presented by Taylor and Jackson

(1965). Calculations required to compute volumetric heat capac-

, |ity of the soil using specific heats of soil and water constitu-

ents arc also included in this appendix.

E2.0 TEST APPARATUS

The test apparatus used in determination of specific heat of

soils consisted of the following:

1. Calorimeter - A 1-pint thermos jar with an insulated cap
placed in an insulated box;

* 2. Accessory Vessel - A 1-pint thermos jar with an insulated
cap placed in an insulated box;

1 3. Thermometers sensitive to 0.02°C;

4. Glass Stirrer;

1 5. Balance - a balance sensitive to 0.01g; and

6. Stop Watch.

E3.0 CALIBRATION

I The heat capacity of the calorimeter over the test temperature

range was determined before performing a set of specific heat

tests on soil samples. The procedure was a,. follows.

I
" r -r"- . N- T'° N - . -IN.
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1. A known amount of water was added initially to the calori-

meter and its temperature was measured.

2. An additional known amount of water at a higher known ten-

perature from the accessory vessel was added to the calori-

meter.

3. An interval of 5 to 10 minutes of time was allowed for ther-

mal equilibrium to be established inside the calorimeter.

4. The final temperature of the water in the calorimeter was

then measured.

5. The heat capacity of the calorimeter was calculated using

I the following formula:

Cc = Mwa cw ATa - Mwc cw (Taylor and Jackson, 1965) .... [l]
ATc

where

Cc = heat capacity of calorimeter, cal/OC;

Mwc = mass of water initially in calorimeter, g;

I Mwa = mass of water added to calorimeter, g;

ILTa = temperature drop for water added, oC;

I ATc = temperature rise of water initially in the
calorimeter, oC; and

cc = specific heat of water at mean temperature
of determination cal/g-OC

1 E4.0 TEST PROCEDURE

fFollowing is the test procedure used in determining the specific

heat of soil particles:

I1 . A known weight of dry soil (representative sample) was added

to calorimeter.

2. A known weight of water was added to the calorimeter to form

a dilute suspension. -3

- N N.. . oT I ,L. .ON .
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1 3. The suspension was stirred until thermal equilibrium was

established. The initial temperature of the suspension was

measured to the nearest 0.02 0 C.

4. From the accessory vessel, a known weight of water (which is

at a higher temperature than the soil-water suspension in

the calorimeter) was added to the calorimeter so that the

final temperature of the soil-water suspension was between

10 to 50 C higher than the initial temperature of the suspen-

sion in the calorimeter.

5. The final temperature of the soil-water suspension was

measured to the nearest 0.020 C after thermal equilibrium

was achieved.

Photographs of the test procedure and test setup are presented

in Plate E-1.

I E5.0 CALCULATIONS

The heat capacity of the calorimeter was computed as explained

in Section E3.0. A typical test data sheet is shown in Fig-

Iure E-1. The averagc specific heat of the soil sample was

determined using the following formula:

c s = cto (Mowa/Ms) (ATa/ATc) - (Mwc c(, + Cc)/Ms (Taylor
and Jackson, 1965) ....................................... [2]

I where

Cs = average specific heat of the soil sample, cal/g-°C;

[Ms = mass of soil, g; and

other symbols are as explained in Section F3.0.

I A typical test data sheet sho:ing the results of a specific heat

I test is presented in Figure E-2.

NO NATIONAL, INC.
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PHOTO I - TEST APPARATUS PHOTO 2 - ADDING A KNOWN AMOUNT
OF SOIL TO THE CALORIMETER

PHOTO 3 - ADDING WATER TO FORM PHOTO 4 - ADDING WATER AT A HIGHER
A DILUTE SOIL-WATER SUSPENSION TEMPERATURE TO THE SOIL-WATER

SUSPENSION IN THE CALORIMETER

3 SPECIFIC HEAT TEST SETUP PLATE E-I
I Nov 19l70
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DETERMINATION OF HEAT CAPACITYI OF SPECIFIC HEAT APPARATUS

itIEC hLVE!F. 7?-A' f Z y. E-_______ DAT[ _____

FLX~t aN.Ob!R ___________

~C Is& e* , 'ATc AT V.c cy

4j9.V.. Cc NEAI(T C~fAiCItl of APPFi~lut (D3I/,C)

-~ WASS Of w[ID INITIALLY CE,,)

-9929 oC r PEIFC EA Of h~ANEF AT IN[ IVIAN TEMPERATURE
or THE OR~OTA (OalfEm -C)

p' WASS OF %ATER ADDED TO CADORJNATAR (pr,)

2 - 11 (,C) - Pl uyf o r OF AAR ix FLiSr fNJTI~tLY

"so L-4 rl ('C) I fi FLA fIL I 1, tAlON P A ",f

2~4 " _' 1, ('1) - ItILi f.OL F. E COF NfISU LII NO SV LI CN

4p~~~~ .,4 tT I (-C)

0.~ 7, is __iI ~- 1 ( *0)

C,~~~ ~ -V I?'g22'-90 A -99"3 ) 4-66A ?g

I --

I S 07. 34

*1 TYPICAL COMPUTATIONS
HEAT CAPACITY OF APPARATUS

MX SITING INVESTIGATION FIGURE

DEF'ODTMFNI OF THE AIR FORCE -SAYSO E-1

9 Nov T19 .rFr.~~T 2 ~ AL Ife~



FN-TR 29

I
I

SPECIFIC HEAT DETERMINATION OF SOIL

PROJECT NAME "Effmffi- TESTED BT ____-- _ DATE

PROJECT NUMBER 7- 2.-O-C. COMPUTED AT ,e_ DATE L/6

BORING NLUMBER 'D-1-- CHECKED BY -_ DATE

DEPIH (FEET) -- 7 '4.6 FLASK NUMBER

SOIL DESCRIPTION - 7

cc . -- o (Cal C) HEAT CAPACITY OF APPARATUS

I B CERE Cs v c
3 
(Ma Ms) (.Ta -Tc) - (Alc c . Cc) AA

,19013__ c. - SPECIFIC HEAT OF WATER (Cal im C)

I 4 l T ! (-C) - TEMPERATURE OF WATER IN FLASK INITIALLY

1 0 (" 4 . Tra ( C) - TEMPERATURE OF WATER ADDED

. Ts (C) - TEAPERATURE OF RESULTING SOLUTION

A T T, a T5 (C)

A T B1  - Ti (C

S").L.L 3
A - MASS OF WATER ADDED TO CALORIMETER (ipm)

C. oO M - MASS OF SOIL (I')

/ .. 2.- ic - ASS OF WATER INITIALLY IN CALORIMETER (I')

Cs .?gf%3 Sl.;. ,,SI 0.oo) ( 5.7L / /.'I I-

I 3.q30- 3.7"+- (/412.52 X 99t10 + 1/ S 00

C, 133 (Cal/' C)

L-037 5-19

TYPICAL COMPUTATIONS
SPECIFIC HEAT DETERMINATION OF SOIL

MUI SITING INVFSIGATION FI IGURE

DEPAPIVTENI OF II AIR FORC - SAYSO E-2

9 NOV 1979
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The volumetric heat capacity of the in situ soil was calculated

using the following relationship:

C v = y(cs + w) (Jumikis, 1966) ............................... [3]

* where

Cv = volunetric heat capacity, cal/cm 3 -OC;

I ~ = dry unit weight of soil, g/cm 3 ;

cs = specific heat of soil constituent, cal/g-OC; and

w = moisture content of soil sample.

I
I
I
I

I

I
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